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APPLIED STRENGTH OF MATERIALS 


Robert L. Mott 


Options for Course Organization 





INTRODUCTION 

Course organization is one of the most important responsibilities for an instructor. Knowledge of the 
specific objectives of the program or programs of which the course is a part is critical, particularly with 
regard to the prerequisite knowledge and skills students are expected to have when they begin the 
course and the outcomes expected as they relate to career paths of the students and abilities required for 
successful completion of following courses. 

With these overarching considerations in mind, this document attempts to provide options for how 
to structure a course in Strength of Materials using this textbook. Variables considered include specific 
prerequisites for mathematics, statics, centroids and moments of inertia, physics mechanics, and 
materials science. Comments are then presented about each of the 13 chapters of the book. 

Users of previous editions of this book will notice significant changes in the arrangement of topic 
coverage in this edition, in response to feedback from colleagues and users, both instructors and 
students. 

e Mathematics: Students are expected, as a minimum, to have good abilities in college 
algebra and trigonometry. Additional skills in calculus are beneficial but not necessary. 
Comprehension of virtually all topics in the book and completion of almost all problems for 
student solution require only algebra and trigonometry. The principles of strength of materials 
in each chapter are developed first with logical observations of the behavior of materials 
when subjected to particular forces, moments, and torques with specific support conditions. 
Typically, those observations are presented in the introduction to each chapter in the form of 
The Big Picture in which students are asked to observe structures and various devices with 
which they are familiar and to engage in simple activities from which they can discover 
underlying principles. Then the primary formulas governing the mathematical representation 
of those behaviors are stated along with the definition of variables and statements of 

limitations on the use of the formulas. For most concepts, a separate section is included that 
presents a more complete development of the formulas, often using differential and integral 
calculus. This is beneficial for students who have completed such mathematics courses and 
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for instructors who prefer this approach. However, it is not essential to include coverage of 
these sections and they are marked [Optional] in the following chapter overviews. 

e Statics: It is considered essential that students have fundamental understanding of forces, 
moments, vectors, and static equilibrium to learn adequately the principles of strength of 
materials and the problem solution techniques presented in this book. An extensive review of 
the principles of Statics is included in Appendix A-27 for students needing reinforcement. 
Also, the study of Physics Mechanics is beneficial and is typically included as a prerequisite 
to Statics. 

es  Centroids and Moments of Inertia of Areas: Many courses in Statics include these topics. 
However, there is some advantage in delaying this coverage until these concepts are needed 
for application to beam analysis within the study of strength of materials. This provides just- 
in-time coverage that flows naturally as presented in Chapters 5, 6, and 7 in this book. When 
a particular course requires prerequisite knowledge of Centroids and Moments of Inertia of 
Areas, Chapter 6 can be skipped. Having the material in the book should be useful for 
students to review as needed. f 

° Materials Science: It is recommended that students have good knowledge and abilities 
related to the structure and behavior of materials commonly used for structural and 
mechanical applications. A prerequisite course in materials science is recommended. 
However, it is practical for students to succeed in the use of this book with only the 
knowledge of the principles presented in Chapter 2 — Design Properties of Materials. For 
those with good prerequisite knowledge, this chapter can be quickly reviewed with emphasis 
on properties of materials that will be needed in solution of problems in this book and a 
discussion of the extensive tables of such properties presented in Appendixes A-14 through 
A-20. Covered there are common metais, wood, and plastics. In addition, Section 2-12 on 
Composites and Section 2-13 on Materials Selection likely include useful information that 
may not have been included in other courses. Users of previous editions of this book report 
that the set of materials properties data in the Appendix and the coverage of composites are 
better than most other books in strength of materials. This provides a wider variety of 
materials to apply to problems and a better understanding of the differences among types of 
materials and their response to heat treatment or other processing variables. 


POSSIBLE COURSE ORGANIZATIONS 

The order of presentation of topics in this book is, in the opinion of the author, logical and would lead to a 
rather linear progression through the chapters in the order given. The primary options for course 
organization involve consideration of which topics are essential to the objectives of the specific course. 
Options are presented here in a chapter-by-chapter basis. 


Chapter 1 — Basic Concepts of Strength of Materials 


Sections 1-1 through 1-12 should be covered completely in order to present a foundation for 
the study of later chapters, to present basic expectations for student performance, and to give 
students an overview of many of the Appendix tables related to the properties of areas and 
standard shapes used for structural and mechanical applications. [See Appendixes A-1 
through A-13.] 

Sections 1-6 through 1-11 give the basic concepts of stress and strain for direct tension, 
direct compression, and direct shear. | 

The emphasis is on analysis and the understanding of the ability of materials to resist 
external forces applied to them. This is necessary for progression into Chapter 2 on Design 
Properties of Materials where some additional material properties are discussed. These basic 
concepts are expanded upon in Chapter 3. 

Mention should also be made of Appendix A-26 Conversion Factors and Appendix A-27 
Review of the: Fundamentals of Statics. ` 

Coverage of Section 1-13 Experimental and Computational Stress Analysis is optional and 
may depend on the connection of this course with companion laboratory courses. 


Chapter 2 — Design Properties of Materials 


Refer to the discussion of Materials Science given above in regard to prerequisite study. Most students 


will benefit from at least a quick review of all parts of this chapter and the related Appendixes. Those 


without prerequisite knowledge of materials will need more intensive study. Some considerations for 


coverage are discussed next. 


Students in mechanical, manufacturing, civil and construction programs all require sound 
knowledge of metals and plastics. 

Most would also benefit from coverage of wood, concrete, and composites. 

Section 2-12 [Optional] on Composites may be delayed until Chapter 7 is covered and linked 
with Section 7-12 on the design of beams to be made from composite materials. 

The section on Materials Selection gives approaches to relating the expected performance of 
a structure or product to the behavior of appropriate materials. The method featured here 
leads to consideration of a wide variety of materials and refers to other references giving 
more extensive treatment of the materials selection processes. Of particular note is the 
reference for Dr. Michael Ashby's book, Materials Selection in Mechanical Design. 


Chapter 3 — Direct Stress, Deformation, and Design 


This chapter builds on the basic introductory treatment of direct stresses from Chapter 1 and adds 


significant competencies in design of load-carrying members. Design stresses are defined and related to 


ከፀ yield strength or ultimate strength of the materials and to the manner of loading; steady, repeated, 


and impact or shock. Coverage can be grouped as follows: 


The Big Picture, Activity, and Chapter Objectives 
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Sections 3-2 through 3-6: Design of members under direct normal stresses, including the 
definition of design stress, design factor (factor of safety), and design approaches. 
Sections 3-7 through 3-11: Deformation, thermal stresses, members made from more than 
one material, and stress concentration factors for direct axial stresses 

Sections 3-12 and 3-13 on bearing stress, including design bearing stresses 

Section 3-14 — Design Shear Stress 


Users of previous editions of this book will note that, in response to feedback from colleagues and 


external reviewers, a significant re-ordering of topics has been done in this new 5" edition. For example, 


Bearing Stresses were formerly presented in Chapter 1 and deformations and related topics were 


covered in a separate chapter. It was recommended that both stress and strain (with deformations) be 


included in one chapter for each type of stress. 


Chapter 4 - Torsional Shear Stress and Torsional Deformation 


Coverage of this chapter can be groups as follows: 


Big Picture, Activity, and Objectives 

Section 4-2 on Torque, Power, and Rotational Speed: These topics should be review for most 
students but it has been found that careful study is required before applying them to stress 
analysis. 

Section 4-3 presents the fundamental torsional shear stress formula and demonstrates its 
application to the analysis of stresses. | 

Sections 4-4 and 4-5 [Optional] use calculus to derive the torsional shear stress formula and 
the equations for polar moment for solid circular bars. 

Section 4-6 extends the coverage to hollow circular sections. While some calculus is used to 
develop equations for polar moment of inertia, the final equations are all that is required for 
problem solving. 

Section 4-7 presents an approach to design of circular members under torsion, extending the 
design stress concepts from Chapter 3 to include torsional shear strength of materials. 
Section 4-8: This section provides interesting and useful comparison of the behavior of hollow 
circular sections and emphasizes their efficiency as compared with solid sections. 

Section 4-9: The study of stress concentrations in torsionally loaded members is essential to 
proper design and analysis of shafts. 

Section 4-10: The twisting of circular bars is discussed with the application of the equation for 
torsional deformation. 

Section 4-11 [Optional] Torsion in noncircular sections is less frequently encountered in 
practice. However, it is important for students to understand that such shapes behave quite 


- -differently from-circular sections. 
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Chapters 5 through 9: All these chapters deal with beams; members carrying loads perpendicular 
to their axes. Students should be advised to scan all five chapters to see the progression of topics 
and to observe how each chapter relates to the others. 


Chapter 5 — Shearing Forces and Bending Moments in Beams 

e The Big Picture, Activity, and Sections 5-1 through 5-9 are essential. On rare occasions, 
some programs include some of these topics in the Statics course. 

e Section 5-10 [Optional] Free-Body Diagrams of Parts of Structures: Mastery of this topic 
gives students a better fundamental understanding of the behavior of load carrying members 
by visualizing the internal forces, moments, and stresses created by various external loads. 

es Section 5-11 [Optional] Mathematica! Analysis of Beam Diagrams: Here students apply 
calculus to derive equations for shearing force and bending moments from given beam 
loading and support conditions. This skill is required for later study of Section 9-7 Successive 
Integration Method for deflection of beams, which is, itself, optional. 

e Section 5-12 [Optional] Continuous Beams — Theorem of Three Moments: Students should, 
at least, understand that the behavior of beams with three or more supports is quite different 
from those with only two simple supports as covered in other sections of this chapter. 
Extensive study of this topic, however, would be most beneficial for the civil and construction 
fields where such beams are frequently applied in bridges and buildings. 

e Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectively for analyzing complex loading patterns after students have 
mastered the manual process of creating shearing force and bending moment 
diagrams. The 'Shear' and 'Moment' selections produce complete diagrams 
immediately after the beam loading and support conditions are defined. 

Chapter 6 — Centroids and Moments of Inertia of Areas 

This entire chapter may be skipped for those programs in which the coverage of this topic is included in a 
prerequisite course in Statics. However, review of the procedures for computing the location of centroids 
and the computation of moments of inertia of areas is typically required. This can be done by moving 
directly to Sections 6-5, 6-6, and 6-8 where sections commonly encountered in strength of materials are 
considered, especially those including standard structural shapes such as W-beams, channels, and 
angles. | 

For those programs that do not include this topic in prior courses, coverage of Sections 6-1 

through 6-6 and 6-8 should be covered as a minimum. These skills are essential to the understanding of 
concepts in Chapters 7 — 11. Coverage of the other sections of this chapter are optional as discussed 
next. 


9 Section 6-7 [Optional] uses calculus to derive the moment of inertia of an area, /. 
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9 Section 6-9 [Optional] provides a useful method of analyzing shapes with all rectangular 
parts. The process can be implemented effectively in a spreadsheet. 

e Section 6-10 [Optional] Radius of Gyration is an important property of an area and is most 
directly applicable to Chapter 11 on Columns. It may be desirable to delay the coverage of 
this topic to combine it with the study of columns. | 

e Section 6-11 [Optional] Section Modulus is an important property of an area and is most 
directly applicable to Chapter 7 on Stress Due to Bending. It may be desirable to delay the 
coverage of this topic to combine it with the study of beams. 

Chapter 7 — Stress Due to Bending 

e Sections 7-1 through 7-4 present the foundation material for the analysis of beams. 

e Section 7-5 [Optional] uses calculus to derive the flexure formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 

e Sections 7-6 through 7-8 cover the transitions from analysis to design of beams. 

e Section 7-9 covers stress concentrations in bending situations. 

e Section 7-10 is critical, at least from the standpoint that students must understand that the 
flexure formula applies only to symmetrical sections or when the load path passes through 
the flexural center (shear center) of the section. Otherwise twisting combines with the 
bending stress, reducing the capacity of the beam. 

e Section 7-11 on Preferred Shapes for Beam Cross Sections is designed to help the novice 
student understand better why certain shapes are preferred for beams. 

e Section 7-12 [Optional] on beams made from composites presents mostly conceptual 
information about the advantages of composites in bending cases and how the shape can be 
optimized to make best use of the special properties of composites. This section refers back 
to Section 2-12 and it may be desirable to cover those two sections together at this point. 

° Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectively for analyzing bending stress produced by complex loading 
patterns after students have mastered the manual process making such calculations 
on more simple beams. The “Stress' selection produces the complete diagram of 
bending stress distribution immediately after the beam loading and support conditions 
are defined. Students should compare this result with the bending moment diagram. 

Chapter 8 — Shearing Stresses in Beams 

e Sections 8-1 through 8-4 present the fundamental concepts and the general shear formula. 

9 Section 8-5 [Optional] uses calculus to derive the general shear formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 

9 --Section-8-6-shows the special shear formulas applicable-to rectangular; circular, hollow, and 
thin-webbed sections (e.g. W-beams). These formulas are frequently used. 


9 Section 8-7 transitions the coverage of shear in beams from analysis to design. 


Section 8-8 on shear flow [Optional] is applicable to beam sections made from component 
shapes that are fastened, glued, or otherwise assembled where connections are subjected to 
shear. 


Chapter 9 — Deflection of Beams 


There appears to be a wide divergence of opinion about what types of beam deflection approaches to 
cover in a basic course in strength of materials. This book attempts to show all popular approaches and 


let individual instructors and program faculty members decide which is best for their programs. 


Note: This is the place where the Beam Calculator program supplied with this book is 


most applicable. The complete deflection curve is produced immediately after the beam loading 


and support conditions are defined by selecting the ‘Deflection’ button. Comparison of the 


Deflection curve with the Shear, Moment, and Stress diagrams is advised. 


That said, here are some factors to consider in course planning: 


Sections 9-1 through 9-4 present the basic concepts and the widely used formulas for beam 
deflection, using the extensive list of formulas from Appendixes A-23, A-24, and A-25. 
Section 9-5 gives students some experience in comparing the performance of several ways 
of supporting a given load with regard to the stresses and deflections that result. This should 
help the novice student gain a better 'feel' for what approaches are preferred in different 
applications. 

Section 9-6 extends the material in Section 9-4 to the permit use of beam deflection formulas 
to a much broader array of applications. 

Section 9-7 on the Successive Integration Method [Optional] provides a more analytical 
approach to deflection analysis. It requires the use of differential and integral calculus and 
should be combined with Section 5-11 Mathematical Analysis of Beam Diagrams. Mastery of 
these concepts would be expected for students who intend to continue their study of applied 
mechanics in later courses or graduate study. However, their application to typical design and 
analysis cases, especially those with multiple loads, is typically very cumbersome and it has 
become normal procedure to use commercially-available beam analysis software for such 
problems. The Beam Calculator program supplied with this book is a basic example. 
Section 9-8 — Moment-Area Method [Optional] is preferred by some designers for 
applications that do not lend themselves to the use of formulas, superposition, or the 
successive integration approach. A notable example is the analysis of beams with varying 
cross sections as illustrated in this section. 


Chapter 10 — Combined Stresses 


The extent of coverage of the several topics in this chapter is best done by the individual instructor and/or 


program faculty members. 


Sections 10-1 through 10-6 give good introductory coverage of the issues presented when 
two or more types of stresses occur at a given point. They also tie material from previous 
chapters together to help students understand the distribution of stresses and the interactions 
involved. Combined normal stresses and combined normal and shear stresses are 
discussed. 

Sections 10-7 through 10-11 cover stress transformations, equations for stresses in any 
direction, principal stresses (maximum normal stress, maximum shear stress), and Mohr's 
circle. 

Section 10-12 covers the use of strain-gage rosettes to determine principal stresses and ties 
well with the preceding sections. It is also related to Section 1-13 — Experimental and 
Computational Stress Analysis, and is useful for connecting this course with companion 
laboratory courses. 


Chapter 11 — Columns 


This chapter is a succinct, but comprehensive coverage of column analysis. 
Included are basic concepts, Euler formula for long columns, J. B. Johnson formula for short 
columns, and non-centrally loaded columns (crooked and eccentrically loaded). 


A Column Analysis Spreadsheet is shown that facilitates the calculations. 


Chapter 12 — Pressure Vessels 


Basic concepts for thin-walled spheres and cylinders are recommended as a minimum, using 
Sections 12-1 through 12-4. 

Sections 12-5 through 12-7 [Optional] present extended coverage of thick-walled pressure 
vessels. 

Sections 12-8 and 12-9 [Optional] present additional considerations for column design. 
Section 12-9 [Optional] discusses the advantages of applying composite materials to 
pressure vessels. Reference to Section 2-12 should be made for basic properties of 
composites. 


Chapter 13 — Connections 


This chapter covers bolted and riveted joints and welded connections. 
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APPLIED STRENGTH OF MATERIALS 
51" Ed. 
by 
Robert L. Mott 


Software Included with the Book 





INTRODUCTION 


Two types of software on a CD-ROM are included with this book: 
1. ል set of 12 interactive video lessons that students can use to: 
a. Review material from the text for a given topic 
b. Observe the solution of a representative problem 
c. Complete a quiz at the end of each module to test understanding 
2. Aversatile beam calculator program that allows: 
a. The creation of a beam and its loading and support patterns 
b. Analysis of: 
i. Shearing force distribution 
ii. Bending moment distribution 
iii. Deflection of the beam at all points in the beam 
iv. Stress due to bending at all points in the beam 


The software was created by Professor Jack Zecher of Indiana University - Purdue University — 
Indianapolis (IUPUI) in indianapolis, Indiana. 


ADVICE ON THE USE OF THE SOFTWARE 
As with any software, students are advised to read pertinent text 
material and master the fundamental principles of the subject and the 
methods of problem solution prior to using the software. 


INTERACTIVE VIDEO LESSONS 
The following lessons with quizzes are included in this software: 


1. 


10. 


11. 


NORMAL STRESS - Reviews the direct normal stress equation, o = Force/Area for both tension 


and compression. Illustrates the calculation of direct normal stress on a member with multiple 
cross section sizes. Relevant to Chapters 1 — 3. 


DIRECT SHEAR — Reviews the direct shear stress equation, t = Force/Area in shear, for both 


single shear and double shear. Relevant to Chapters 1 - 3. 

PUNCHING SHEAR - Reviews shearing stress that occurs in a cutting or punching situation 
using the direct shear stress equation, t = Force/Area in shear, with emphasis on identifying the 
correct area in shear. Relevant to Chapters 1 and 3. 

POISSON'S RATIO — Reviews the definition of strain and the fact that strains in both longitudinal 
and transverse directions are created when a load-carrying member is subjected to direct normal 
stress. Reviews the definition of Poisson's ratio. Relevant to Chapters 2 and 3. 

STRESS CONCENTRATION — Reviews the concept of increased stresses occurring near 
sections of load-carrying members with abrupt changes in cross section. Illustrates the stress 
concentration factor for a member loaded in tension. Includes color graphic illustrations of stress 
lines around a hole and the plot of results of a finite element analysis. Relevant to Chapter 3. 
AXIAL DEFORMATION — Reviews the deformation of members loaded in direct tension or 
compression using the formula, ò= FL/EA. Relevant to Chapter 3. 

THERMAL STRESSES - Reviews the property of coefficient of thermal expansion, a. 
Demonstrates the calculation of thermal expansion using the formula, 8 = &L(At) for a given 


change of temperature, At. Also demonstrates the stress created when members are restrained 
as temperatures change. Relevant to Chapter 3. 

STATICALLY INDETERMINATE — Reviews the principles of axial deformation and considers the 
case when two or more members, possibly made from different materials, are loaded together. 
Relevant to Chapter 3. 

TORSIONAL STRESS AND DEFORMATION — Reviews both the torsional shear stress 
equation, ፒ = Tc/J and the torsional deformation equation, 9 = TL/GJ. Illustrates calculations for a 
stepped shaft loaded by two torques and shows a torque diagram. Relevant to Chapter 4. 
BENDING STRESS - Reviews the bending stress equation, © = Mc/l, along with shearing force 
and bending moment diagrams. A finite element analysis animation is included illustrating how 


bending stresses are produced as a section of a T-beam deforms. Relevant to Chapters 5 — 7. 
SHEAR IN BEAMS - Reviews shearing forces and stresses produced in beams along with 


bending. Illustrates the application of the beam shearing stress formula, t = VQ/t, using a 


rectangular beam made from glued laminations. Relevant to Chapter 8. 


12. COMBINED NORMAL STRESSES — Reviews the case when a member is subjected to 
simultaneous bending and direct normal stresses. Includes a finite element model of such a 
member. Relevant to Chapter 10. 

Notes on the quizzes: After viewing the video of any module, the student may access an interactive quiz 
in which a situation similar to the example shown in the video is presented with data. The student must 
complete the analysis on paper and enter the result. The program determines whether the entered result 
is correct or not and reports back. Students are permitted to enter values twice before the correct solution 
is shown. 


BEAM CALCULATOR 

This versatile software permits students to perform analyses of beams with complex loading patterns and 
with many combinations of support conditions. Its use, after students have mastered the principles of 
beam analysis by hand calculations, facilitates the evaluation of multiple alternative designs for a beam to 
explore relationships among variables such as: 

e Types of support and their placement relative to the applied loads 

e Magnitude of the loads and their placement relative to the supports 

e Beam materials and cross section properties such as modulus of elasticity, moment of inertia, 

and shape 
Many more and more complex examples can be analyzed in a given amount of time, extending learning 
beyond the typical problems that are assigned for practice by hand calculations. 

The software uses a finite element analysis-based process that divides the beam into 50 
segments. Calculations of results are made for each of the 50 points and at any applied load or support. /f 
the user desires that the results for any other point be given, a concentrated load of zero value 
may be placed at that point. 

Features of the software include: 

1. Units - Units of length are first selected by the user in either English (feet or inches) or Metric 

(meters or millimeters). 

2. Beam Properties — Beam properties are entered by the user for: 
a. Beam length 
b. Modulus of elasticity, E, for the material of the beam 
c. Moment of inertia, l, for the cross section shape and dimensions of the beam 
d. Distance from the neutral axis of the cross section to the top of the beam 
e. Distance from the neutral axis of the cross section to the bottom of the beam 
3. Supports — The type or types of supports and their placement are defined by the user. Up to 20 
supports may be used in any combination of: 





a. Roller support providing only vertical support - seri 
b. Pinned support providing vertical or horizontal support 
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i. Note: Theoretically one roller support and one pin support should be provided for 
a simply supported beam to ensure equilibrium. However, this program permits 
only vertical concentrated or distributed loads and couples for which only vertical 
reactions are computed. 
c. Fixed support providing vertical and moment resistance, such as the support for a 
cantilever 
d. Before the analysis can proceed, the beam design must have a minimum of either: 
i. Two pinned supports 
li. One pinned and one roller support 
iii. One fixed support 
e. The user may modify any support type or location before analysis is performed. This 
feature facilitates correction of entered data or the exploration of several alternative 
designs. 
Loads — The user defines any combination of up to 20 loads by giving their placement and 
magnitudes. The load types available are: 
a. Concentrated 
b. Distributed — Either uniformly or uniformly varying distributed loads can be used. The 
user enters the placement and magnitude (force per unit length) at the start and at the 
end of the loading. 
c. . Couple - This is a concentrated moment applied at any point along the beam. A 
counterclockwise couple is considered positive. 
Analyze — After the beam is defined completely, the user selects the 'Analyze' button. If an 
incomplete or an excessive set of data are provided, the analysis will not be completed. The 
following analyses are completed: 
a. Shear- A complete shearing force diagram is shown under the beam design 
b. Moment - A complete bending moment diagram is shown under the beam design 
c. Deflection — A complete diagram of the shape of the deflected beam is shown 
d. Stress - The distribution of bending stress across the entire length of the beam is shown 
e. Notes: 
i. Values at any point on any diagram can be displayed by placing the cursor at the 
desired point. 
i. The ESC (escape) key must be used to stop the interaction with the currently 
displayed diagram before switching from one type of output to another. 
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INTRODUCTION 

Course organization is one of the most important responsibilities for an instructor. Knowledge of the 
specific objectives of the program or programs of which the course is a part is critical, particularly with 
regard to the prerequisite knowledge and skills students are expected to have when they begin the 
course and the outcomes expected as they relate to career paths of the students and abilities required for 
successful completion of following courses. 

With these overarching considerations in mind, this document attempts to provide options for how 
to structure a course in Strength of Materials using this textbook. Variables considered include specific 
prerequisites for mathematics, statics, centroids and moments of inertia, physics mechanics, and 
materials science. Comments are then presented about each of the 13 chapters of the book. 

Users of previous editions of this book will notice significant changes in the arrangement of topic 
coverage in this edition, in response to feedback from colleagues and users, both instructors and 
students. 

9 Mathematics: Students are expected, as a minimum, to have good abilities in college 
algebra and trigonometry. Additional skills in calculus are beneficial but not necessary. 
Comprehension of virtually all topics in the book and completion of almost all problems for 
student solution require only algebra and trigonometry. The principles of strength of materials 
in each chapter are developed first with logical observations of the behavior of materials 
when subjected to particular forces, moments, and torques with specific support conditions. 
Typically, those observations are presented in the introduction to each chapter in the form of 
The Big Picture in which students are asked to observe structures and various devices with 
which they are familiar and to engage in simple activities from which they can discover 
underlying principles. Then the primary formulas governing the mathematical representation 
of those behaviors are stated along with the definition of variables and statements of 
limitations on the use of the formulas. For most concepts, a separate section is included that 
presents a more complete development of the formulas, often using differential and integral 


calculus. This is beneficial for students who have completed such mathematics courses and 


for instructors who prefer this approach. However, it is not essential to include coverage of 
these sections and they are marked [Optional] in the following chapter overviews. 

5 Statics: It is considered essential that students have fundamental understanding of forces, 
moments, vectors, and static equilibrium to learn adequately the principles of strength of 
materials and the problem solution techniques presented in this book. An extensive review of 
the principles of Statics is included in Appendix A-27 for students needing reinforcement. 
Also, the study of Physics Mechanics is beneficial and is typically included as a prerequisite 
to Statics. 

° Centroids and Moments of Inertia of Areas: Many courses in Statics include these topics. 
However, there is some advantage in delaying this coverage until these concepts are needed 
for application to beam analysis within the study of strength of materials. This provides just- 
in-time coverage that flows naturally as presented in Chapters 5, 6, and 7 in this book. When 
a particular course requires prerequisite knowledge of Centroids and Moments of Inertia of 
Areas, Chapter 6 can be skipped. Having the material in the book should be useful for 
students to review as needed. 

9 Materials Science: It is recommended that students have good knowledge and abilities 
related to the structure and behavior of materials commonly used for structural and 
mechanical applications. A prerequisite course in materials science is recommended. 
However, it is practical for students to succeed in the use of this book with only the 
knowledge of the principles presented in Chapter 2 — Design Properties of Materials. For 
those with good prerequisite knowledge, this chapter can be quickly reviewed with emphasis 
on properties of materials that will be needed in solution of problems in this book and a 
discussion of the extensive tables of such properties presented in Appendixes A-14 through 
A-20. Covered there are common metals, wood, and plastics. In addition, Section 2-12 on 
Composites and Section 2-13 on Materials Selection likely include useful information that 
may not have been included in other courses. Users of previous editions of this book report 
that the set of materials properties data in the Appendix and the coverage of composites are 
better than most other books in strength of materials. This provides a wider variety of 
materials to apply to problems and a better understanding of the differences among types of 
materials and their response to heat treatment or other processing variables. 


POSSIBLE COURSE ORGANIZATIONS 

The order of presentation of topics in this book is, in the opinion of the author, logical and would lead to a 
rather linear progression through the chapters in the order given. The primary options for course 
organization involve consideration of which topics are essential to the objectives of the specific course. 


Options are presented here in a chapter-by-chapter basis. 


Chapter 1 — Basic Concepts of Strength of Materials 


Sections 1-1 through 1-12 should be covered completely in order to present a foundation for 
the study of later chapters, to present basic expectations for student performance, and to give 
students an overview of many of the Appendix tables related to the properties of areas and 
standard shapes used for structural and mechanical applications. [See Appendixes A-1 
through A-13.] 

Sections 1-6 through 1-11 give the basic concepts of stress and strain for direct tension, 
direct compression, and direct shear. 

The emphasis is on analysis and the understanding of the ability of materials to resist 
external forces applied to them. This is necessary for progression into Chapter 2 on Design 
Properties of Materials where some additional material properties are discussed. These basic 
concepts are expanded upon in Chapter 3. 

Mention should also be made of Appendix A-26 Conversion Factors and Appendix A-27 
Review of the Fundamentals of Statics. 

Coverage of Section 1-13 Experimental and Computational Stress Analysis is optional and 


may depend on the connection of this course with companion laboratory courses. 


Chapter 2 — Design Properties of Materials 


Refer to the discussion of Materials Science given above in regard to prerequisite study. Most students 


Will benefit from at least a quick review of all parts of this chapter and the related Appendixes. Those 


without prerequisite knowledge of materials will need more intensive study. Some considerations for 


coverage are discussed next. 


Students in mechanical, manufacturing, civil and construction programs all require sound 
knowledge of metals and plastics. 

Most would also benefit from coverage of wood, concrete, and composites. 

Section 2-12 [Optional] on Composites may be delayed until Chapter 7 is covered and linked 
with Section 7-12 on the design of beams to be made from composite materials. 

The section on Materials Selection gives approaches to relating the expected performance of 
a structure or product to the behavior of appropriate materials. The method featured here 
leads to consideration of a wide variety of materials and refers to other references giving 
more extensive treatment of the materials selection processes. Of particular note is the 
reference for Dr. Michael Ashby's book, Materials Selection in Mechanical Design. 


Chapter 3 — Direct Stress, Deformation, and Design 


This chapter builds on the basic introductory treatment of direct stresses from Chapter 1 and adds 


significant competencies in design of load-carrying members. Design stresses are defined and related to 


the yield strength or ultimate strength of the materials and to the manner of loading; steady, repeated, 


and impact or shock. Coverage can be grouped as follows: 


The Big Picture, Activity, and Chapter Objectives 
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Sections 3-2 through 3-6: Design of members under direct normal stresses, including the 
definition of design stress, design factor (factor of safety), and design approaches. 
Sections 3-7 through 3-11: Deformation, thermal stresses, members made from more than 
one material, and stress concentration factors for direct axial stresses 

Sections 3-12 and 3-13 on bearing stress, including design bearing stresses 


Section 3-14 — Design Shear Stress 


Users of previous editions of this book will note that, in response to feedback from colleagues and 


external reviewers, a significant re-ordering of topics has been done in this new 5" edition. For example 


1 


Bearing Stresses were formerly presented in Chapter 1 and deformations and related topics were 


covered in a separate chapter. lt was recommended that both stress and strain (with deformations) be 


included in one chapter for each type of stress. 


Chapter 4 — Torsional Shear Stress and Torsional Deformation 


Coverage of this chapter can be groups as follows: 


Big Picture, Activity, and Objectives 

Section 4-2 on Torque, Power, and Rotational Speed: These topics should be review for most 
students but it has been found that careful study is required before applying them to stress 
analysis. 

Section 4-3 presents the fundamental torsional shear stress formula and demonstrates its 
application to the analysis of stresses. 

Sections 4-4 and 4-5 [Optional] use calculus to derive the torsional shear stress formula and 
the equations for polar moment for solid circular bars. 

Section 4-6 extends the coverage to hollow circular sections. While some calculus is used to 
develop equations for polar moment of inertia, the final equations are all that is required for 
problem solving. 

Section 4-7 presents an approach to design of circular members under torsion, extending the 
design stress concepts from Chapter 3 to include torsional shear strength of materials. 
Section 4-8: This section provides interesting and useful comparison of the behavior of hollow 
circular sections and emphasizes their efficiency as compared with solid sections. 

Section 4-9: The study of stress concentrations in torsionally loaded members is essential to 
proper design and analysis of shafts. 

Section 4-10: The twisting of circular bars is discussed with the application of the equation for 
torsional deformation. 

Section 4-11 [Optional] Torsion in noncircular sections is less frequently encountered in 
practice. However, it is important for students to understand that such shapes behave quite 
differently from circular sections. 
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Chapters 5 through 9: All these chapters deal with beams; members carrying loads perpendicular 
to their axes. Students should be advised to scan all five chapters to see the progression of topics 
and to observe how each chapter relates to the others. 


Chapter 5 — Shearing Forces and Bending Moments in Beams 

9 The Big Picture, Activity, and Sections 5-1 through 5-9 are essential. On rare occasions, 
some programs include some of these topics in the Statics course. 

e Section 5-10 [Optional] Free-Body Diagrams of Parts of Structures: Mastery of this topic 
gives students a better fundamental understanding of the behavior of load carrying members 
by visualizing the internal forces, moments, and stresses created by various external loads. 

e Section 5-11 [Optional] Mathematical Analysis of Beam Diagrams: Here students apply 
calculus to derive equations for shearing force and bending moments from given beam 
loading and support conditions. This skill is required for later study of Section 9-7 Successive 
Integration Method for deflection of beams, which is, itself, optional. 

9 Section 5-12 [Optional] Continuous Beams — Theorem of Three Moments: Students should, 
at least, understand that the behavior of beams with three or more supports is quite different 
from those with only two simple supports as covered in other sections of this chapter. 
Extensive study of this topic, however, would be most beneficial for the civil and construction 
fields where such beams are frequently applied in bridges and buildings. 

e Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectively for analyzing complex loading patterns after students have 
mastered the manual process of creating shearing force and bending moment 
diagrams. The 'Shear' and “Moment' selections produce complete diagrams 
immediately after the beam loading and support conditions are defined. 

Chapter 6 — Centroids and Moments of Inertia of Areas 

This entire chapter may be skipped for those programs in which the coverage of this topic is included in a 
prerequisite course in Statics. However, review of the procedures for computing the location of centroids 
and the computation of moments of inertia of areas is typically required. This can be done by moving 
directly to Sections 6-5, 6-6, and 6-8 where sections commonly encountered in strength of materials are 
considered, especially those including standard structural shapes such as W-beams, channels, and 
angles. 

For those programs that do not include this topic in prior courses, coverage of Sections 6-1 
through 6-6 and 6-8 should be covered as a minimum. These skills are essential to the understanding of 
concepts in Chapters 7 — 11. Coverage of the other sections of this chapter are optional as discussed 
next. 


e Section 6-7 [Optional] uses calculus to derive the moment of inertia of an area, /. 


Section 6-9 [Optional] provides a useful method of analyzing shapes with all rectangular 
parts. The process can be implemented effectively in a spreadsheet. 

Section 6-10 [Optional] Radius of Gyration is an important property of an area and is most 
directly applicable to Chapter 11 on Columns. It may be desirable to delay the coverage of 
this topic to combine it with the study of columns. 

Section 6-11 [Optional] Section Modulus is an important property of an area and is most 
directly applicable to Chapter 7 on Stress Due to Bending. It may be desirable to delay the 
coverage of this topic to combine it with the study of beams. 


Chapter 7 — Stress Due to Bending 


Sections 7-1 through 7-4 present the foundation material for the analysis of beams. 

Section 7-5 [Optional] uses calculus to derive the flexure formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 
Sections 7-6 through 7-8 cover the transitions from analysis to design of beams. 

Section 7-9 covers stress concentrations in bending situations. 

Section 7-10 is critical, at least from the standpoint that students must understand that the 
flexure formula applies only to symmetrical sections or when the load path passes through 
the flexural center (shear center) of the section. Otherwise twisting combines with the 
bending stress, reducing the capacity of the beam. 

Section 7-11 on Preferred Shapes for Beam Cross Sections is designed to help the novice 
student understand better why certain shapes are preferred for beams. 

Section 7-12 [Optional] on beams made from composites presents mostly conceptual 
information about the advantages of composites in bending cases and how the shape can be 
optimized to make best use of the special properties of composites. This section refers back 
to Section 2-12 and it may be desirable to cover those two sections together at this point. 
Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectively for analyzing bending stress produced by complex loading 
patterns after students have mastered the manual process making such calculations 
on more simple beams. The 'Stress' selection produces the complete diagram of 
bending stress distribution immediately after the beam loading and support conditions 
are defined. Students should compare this result with the bending moment diagram. 


Chapter 8 — Shearing Stresses in Beams 


Sections 8-1 through 8-4 present the fundamental concepts and the general shear formula. 
Section 8-5 [Optional] uses calculus to derive the general shear formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 
Section 8-6 shows the special shear formulas applicable to rectangular, circular, hollow, and 
thin-webbed sections (e.g. W-beams). These formulas are frequently used. 


Section 8-7 transitions the coverage of shear in beams from analysis to design. 
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Section 8-8 on shear flow [Optional] is applicable to beam sections made from component 
shapes that are fastened, glued, or otherwise assembled where connections are subjected to 
shear. 


Chapter 9 — Deflection of Beams 


There appears to be a wide divergence of opinion about what types of beam deflection approaches to 


Cover in a basic course in strength of materials. This book attempts to show all popular approaches and 


let individual instructors and program faculty members decide which is best for their programs. 


Note: This is the place where the Beam Calculator program supplied with this book is 


most applicable. The complete deflection curve is produced immediately after the beam loading 


and support conditions are defined by selecting the 'Deflection' button. Comparison of the 


Deflection curve with the Shear, Moment, and Stress diagrams is advised. 


That said, here are some factors to consider in course planning: 


Sections 9-1 through 9-4 present the basic concepts and the widely used formulas for beam 
deflection, using the extensive list of formulas from Appendixes A-23, A-24, and A-25. 
Section 9-5 gives students some experience in comparing the performance of several ways 
of supporting a given load with regard to the stresses and deflections that result. This should 
help the novice student gain a better 'feel' for what approaches are preferred in different 
applications. 

Section 9-6 extends the material in Section 9-4 to the permit use of beam deflection formulas 
to a much broader array of applications. 

Section 9-7 on the Successive Integration Method [Optional] provides a more analytical 
approach to deflection analysis. It requires the use of differential and integral calculus and 
should be combined with Section 5-11 Mathematical Analysis of Beam Diagrams. Mastery of 
these concepts would be expected for students who intend to continue their study of applied 
mechanics in later courses or graduate study. However, their application to typical design and 
analysis cases, especially those with multiple loads, is typically very cumbersome and it has 
become normal procedure to use commercially-available beam analysis software for such 
problems. The Beam Calculator program supplied with this book is a basic example. 
Section 9-8 — Moment-Area Method [Optional] is preferred by some designers for 
applications that do not lend themselves to the use of formulas, superposition, or the 
successive integration approach. A notable example is the analysis of beams with varying 
cross sections as illustrated in this section. 
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Chapter 10 — Combined Stresses 


The extent of coverage of the several topics in this chapter is best done by the individual instructor and/or 


program faculty members. 


Chapter 11 
e 


Sections 10-1 through 10-6 give good introductory coverage of the issues presented when 
two or more types of stresses occur at a given point. They also tie material from previous 
chapters together to help students understand the distribution of stresses and the interactions 
involved. Combined normal stresses and combined normal and shear stresses are 
discussed. 

Sections 10-7 through 10-11 cover stress transformations, equations for stresses in any 
direction, principal stresses (maximum normal stress, maximum shear stress), and Mohr's 
circle. 

Section 10-12 covers the use of strain-gage rosettes to determine principal stresses and ties 
well with the preceding sections. It is also related to Section 1-13 — Experimental and 
Computational Stress Analysis, and is useful for connecting this course with companion 
laboratory courses. 

— Columns 

This chapter is a succinct, but comprehensive coverage of column analysis. 

Included are basic concepts, Euler formula for long columns, J. B. Johnson formula for short 
columns, and non-centrally loaded columns (crooked and eccentrically loaded). 


A Column Analysis Spreadsheet is shown that facilitates the calculations. 


Chapter 12 — Pressure Vessels 


Basic concepts for thin-walled spheres and cylinders are recommended as a minimum, using 
Sections 12-1 through 12-4. 

Sections 12-5 through 12-7 [Optional] present extended coverage of thick-walled pressure 
vessels. 

Sections 12-8 and 12-9 [Optional] present additional considerations for column design. 
Section 12-9 [Optional] discusses the advantages of applying composite materials to 
pressure vessels. Reference to Section 2-12 should be made for basic properties of 


composites. 


Chapter 13 — Connections 


This chapter covers bolted and riveted joints and welded connections. 
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APPLIED STRENGTH OF MATERIALS 
51" Ed. 


by 
Robert L. Mott 


Software Included with the Book 





INTRODUCTION 


Two types of software on a CD-ROM are included with this book: 
1. Aset of 12 interactive video lessons that students can use to: 
a. Review material from the text for a given topic 
b. Observe the solution of a representative problem 
c. Complete a quiz at the end of each module to test understanding 
2. A versatile beam calculator program that allows: 
a. The creation of a beam and its loading and support patterns 
b. Analysis of: 
i. Shearing force distribution 
li. Bending moment distribution 
iii. Deflection of the beam at all points in the beam 
iv. Stress due to bending at all points in the beam 


The software was created by Professor Jack Zecher of Indiana University - Purdue University — 
Indianapolis (IUPUI) in Indianapolis, Indiana. 


ADVICE ON THE USE OF THE SOFTWARE 
As with any software, students are advised to read pertinent text 
material and master the fundamental principles of the subject and the 
methods of problem solution prior to using the software. 


INTERACTIVE VIDEO LESSONS 


The following lessons with quizzes are included in this software: 


1. 


10. 


11. 


NORMAL STRESS — Reviews the direct normal stress equation, o = Force/Area for both tension 
and compression. Illustrates the calculation of direct normal stress on a member with multiple 
cross section sizes. Relevant to Chapters 1 — 3. 

DIRECT SHEAR — Reviews the direct shear stress equation, t = Force/Area in shear, for both 
single shear and double shear. Relevant to Chapters 1 — 3. 

PUNCHING SHEAR - Reviews shearing stress that occurs in a cutting or punching situation 
using the direct shear stress equation, t = Force/Area in shear, with emphasis on identifying the 
correct area in shear. Relevant to Chapters 1 and 3. 

POISSON'S RATIO — Reviews the definition of strain and the fact that strains in both longitudinal 
and transverse directions are created when a load-carrying member is subjected to direct normal 
stress. Reviews the definition of Poisson's ratio. Relevant to Chapters 2 and 3. 

STRESS CONCENTRATION — Reviews the concept of increased stresses occurring near 
sections of load-carrying members with abrupt changes in cross section. Illustrates the stress 
concentration factor for a member loaded in tension. Includes color graphic illustrations of stress 
lines around a hole and the plot of results of a finite element analysis. Relevant to Chapter 3. 
AXIAL DEFORMATION — Reviews the deformation of members loaded in direct tension or 
compression using the formula, ó = FL/EA. Relevant to Chapter 3. 

THERMAL STRESSES — Reviews the property of coefficient of thermal expansion, a. 
Demonstrates the calculation of thermal expansion using the formula, 5 = a.L(Af) for a given 
change of temperature, At. Also demonstrates the stress created when members are restrained 
as temperatures change. Relevant to Chapter 3. 

STATICALLY INDETERMINATE — Reviews the principles of axial deformation and considers the 
case when two or more members, possibly made from different materials, are loaded together. 
Relevant to Chapter 3. 

TORSIONAL STRESS AND DEFORMATION — Reviews both the torsional shear stress 
equation, t = Tc/J and the torsional deformation equation, 0 = TL/GJ. Illustrates calculations for a 
stepped shaft loaded by two torques and shows a torque diagram. Relevant to Chapter 4. 
BENDING STRESS — Reviews the bending stress equation, © = Moi, along with shearing force 


and bending moment diagrams. A finite element analysis animation is included illustrating how 
bending stresses are produced as a section of a T-beam deforms. Relevant to Chapters 5 — 7. 


SHEAR IN BEAMS - Reviews shearing forces and stresses produced in beams along with 
bending. Illustrates the application of the beam shearing stress formula, t = VQ/I, using a 


rectangular beam made from glued laminations. Relevant to Chapter 8. 
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12. COMBINED NORMAL STRESSES - Reviews the case when a member is subjected to 
simultaneous bending and direct normal stresses. Includes a finite element model of such a 
member. Relevant to Chapter 10. 

Notes on the quizzes: After viewing the video of any module, the student may access an interactive quiz 
in which a situation similar to the example shown in the video is presented with data. The student must 
complete the analysis on paper and enter the result. The program determines whether the entered result 
is correct or not and reports back. Students are permitted to enter values twice before the correct solution 
is shown. 


BEAM CALCULATOR 

This versatile software permits students to perform analyses of beams with complex loading patterns and 
with many combinations of support conditions. Its use, after students have mastered the principles of 
beam analysis by hand calculations, facilitates the evaluation of multiple alternative designs for a beam to 
explore relationships among variables such as: 

° Types of support and their placement relative to the applied loads 

e Magnitude of the loads and their placement relative to the supports 

e Beam materials and cross section properties such as modulus of elasticity, moment of inertia, 

and shape 
Many more and more complex examples can be analyzed in a given amount of time, extending learning 
beyond the typical problems that are assigned for practice by hand calculations. 

The software uses a finite element analysis-based process that divides the beam into 50 
segments. Calculations of results are made for each of the 50 points and at any applied load or support. /f 
the user desires that the results for any other point be given, a concentrated load of zero value 
may be placed at that point. 

Features of the software include: 

1. Units - Units of length are first selected by the user in either English (feet or inches) or Metric 

(meters or millimeters). 

2. Beam Properties — Beam properties are entered by the user for: 
a. Beam length 
b. Modulus of elasticity, E, for the material of the beam 
c. Moment of inertia, /, for the cross section shape and dimensions of the beam 
d. Distance from the neutral axis of the cross section to the top of the beam 
e. Distance from the neutral axis of the cross section to the bottom of the beam 
3. Supports — The type or types of supports and their placement are defined by the user. Up to 20 
supports may be used in any combination of: 
a. Roller support providing only vertical support 
b. Pinned support providing vertical or horizontal support 
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i. Note: Theoretically one roller support and one pin support should be provided for 
a simply supported beam to ensure equilibrium. However, this program permits 
only vertical concentrated or distributed loads and couples for which only vertical 
reactions are computed. 
Fixed support providing vertical and moment resistance, such as the support for a 
cantilever 
Before the analysis can proceed, the beam design must have a minimum of either: 
i. Two pinned supports 
ዘ. One pinned and one roller support 
IL One fixed support 
The user may modify any support type or location before analysis is performed. This 
feature facilitates correction of entered data or the exploration of several alternative 


designs. 


Loads — The user defines any combination of up to 20 loads by giving their placement and 


magnitudes. The load types available are: 


a. 
b. 


Concentrated 

Distributed — Either uniformly or uniformly varying distributed loads can be used. The 
user enters the placement and magnitude (force per unit length) at the start and at the 
end of the loading. 


. Couple - This is a concentrated moment applied at any point along the beam. A 


counterclockwise couple is considered positive. 


Analyze — After the beam is defined completely, the user selects the 'Analyze' button. If an 


incomplete or an excessive set of data are provided, the analysis will not be completed. The 


following analyses are completed: 


a. 


b 
C. 
d. 
e 


Shear — A complete shearing force diagram is shown under the beam design 
Moment — A complete bending moment diagram is shown under the beam design 
Deflection — A complete diagram of the shape of the deflected beam is shown 
Stress — The distribution of bending stress across the entire length of the beam is shown 
Notes: 
i. Values at any point on any diagram can be displayed by placing the cursor at the 
desired point. 
li. The ESC (escape) key must be used to stop the interaction with the currently 
displayed diagram before switching from one type of output to another. 
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Bc ፆ ⁄⁄2 47, 294 = 23,63 AN 
AG= A928 BCZ 33. 2$. À 


STRESS MN RW 482 qe A BIB a /25ሃቁሴ 


JT (2023 5) /V 
STRESS Au Pod BAS ቴ = Be. 23. 632 4ኝነ/ = 2$; 
9C A 7T (207) Jv — 


BD ` ⁄/.2 0 ; 
STRESS Au Ron BD: Opp* — z Tome IY. 13/. 1 £2. 





F ፖኃሪ/ሪያ/ m Ent = @.o/e?2)(2.2)(2,e)(soo0) " N 


F= 272፳ኛ/ | 
A= Mbam) /ፆኖ Zol nom & 


= Es Z369W — anan 
ZO! Mar ; 


1-47) A “Bo anan) >= 900 pran 
Fot A81 መዕ - Vo ra), =159An 
Z= San £50 x rop a / 57 Pa TENSION 


a 


900 mm” 
FoR Be: A. = yo Beleg 
= Foc. 
a." F Sat d, EE TENSION 


Fòk CD: Se MAN 


e E id 
Gr fa. Ae Sch x › /22,#/%6 TENSION 


Le eens: ያ-“ረ A= I(2sY7y= Pimm 
ሪ-ዐ ; A? MUYE 201 mm " 
Fok AB: ñas ዩና --/2.#2 y yg = = 71,52 ÅN 


Fas ASIRAM 
Ee < — SIM M - 57 
^5 A 19] mtm V 2527/46... Conf. 


Fok BC: Fe = -ILS -/2.32 = -2/ 92 Mu 
e Foc | 72/32X/97 M 
a — — —— SA LÉ = 7 A 
ጨም #2 ps: ያራ COMPR 

F0£ cp e ዴሪ = -Q,6s AN 

3 
Po = Fee 5 ZLETHÈN | .#ያ ote conte 
A. 20) anan? 


LY A= nhia- M 0798 a? (Ika Bee Ae Auen 


Fok bl: da» fA 2950016. 
70.239 5. ጋ/ደፃ ፆሄ/ TENSIN 


For AB; fe = 2500 +2(8000 Gra 30") =/ሪ 35644 


= ይ a ረሬ 2556 = 
ይ og 72.207 we “LOU BÉ—rensyn 





£A. *ዐ። 2800(YS) - 65, (32) 
Fan = ¥200 LE 


a = Fao. Zong . =. 2 ( 
DD ^A Gone — 
TENS 
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AB “ዕር 





/ፅ516/ህ S 


Joint A 
D AD ën 30° = 5225/4 
AA" Ae dé = ño Coa W“ 7,09 ky = 82 





SLSRAN I 
STRESSES? 9.09 ANN 
AB,BC? Ga” Cee G2X(30) am” 
3 
Bp: Gos አ 24/454. TENSION 
Ë anman 
AD,ED: A (3o)"-(20Y = Soomm* 


A 3 
Gio Oo © LUSRION 2), 0H. Coantessyon 
S0 ዐጂዲጋጋጋሽ ~ 


ELSI MO TENSION 


ISA BÈ 
£M, 307 EOGI ENCOUN -Re (18) 
ድ = /0000 Le 


EM 20 = /2000(€) #60000/2)-£,08) 
ዶዴ wv Bovo Lé 








éA = Boote Ra = AB ano = Ab (OF) 
AB = K, /o2= 8000/0.% 2/000L6 Gag 


dudo AP= AB craB= /0000(0-6)= 6060 ረይ TENS. 
AD | DE =Ab= ፅዕዕዐረይ : 
2. 















600016 BE aan © £6000 ~ 4624.8 = O 
ë Be = Abang bonb  1000002,8) geg _ 79019 7259 
x Be an 0 e.g 
e fe Bc = AB Ceo 6 + B€ cose = /0000(0.6) + 2500(0.0 = 
BE AC* PSDO LE Com. 
Ab: Bozo 
12000 L8 BC* CF Core 
4 ረዶ = BC /tos o = 25b0 /o.6 > /Z sv L6 Come. 
e e CE = /2000 - ሮይ Aine = /20to-/2 ወሪ/ጋ.ያ) = 2000L € £ 
ce 
ce 
CFs lèmo te EF = CF Cea6 = /ሯኗዕዐ (0.6) = 750018 SENS, 
ew F I STRESSES1. 
+ e 
EF Oio = opa = 6000/0,96 = 6193 geai 
Re 2/0000 L6 Fer = 7500/5948 2*729g pa 
Pip =o 

AREAS OF MEMBELS : (App, Ae , A6) Toe ° Z80/p,vty 25165 pss 

40, DE, EF — 200/48) = 0.268 m" “ርፎ = 2000/o, yoy = W32 pal 

ED, Fe, CE — OYEY jn 


«56 = ““ር60/5.ሃኒ 5 = 1132. 2^ 
Tee 5 77500/2,v2 x — 3099 pui 
See = RAN = = SJES pai 


A6, BC, CF - ረረዕዕ/)ፆ 248m? 
More! COMPRESSION MEMCERS MUET BE 
CHÈ CRED Fok ¿Columa BUCKLING 


EM, 703 (25 X40)—ABL2.5) 
dës Zo AN 
ር ° $ 
dig cia Nou SO Fo. 
(LO) aaa ፦፦ 





LSE As mlosos)/Y=0200w” 
ታ= Fas !2bodl8/p,zm mp” > 63000 pas 


ALSE pe (svo) + 2£ 6.7005 C£)] = 41 mi 





LZE A= (poY(ro) - 6) 5) ANIV SH BEST man” 
TE Fy = GYOUO'N fann ጋ mm? = 180 MPa 


DIRECT SHEAR ፦ SINGLE SHEAR 


des ff.) mn 113 mm” 
Pe Fh. 610 5 YEMA 











/-58 
ያዴ 202 #ታረ/ሃ) >= F (45) 
Fp= /77 Ad 
As= TOM, = 7.07 gam" F 
T= Fofas = INN mmn? 25.1 mba. PIN Ké SINGLE 
SHEAR 


LIS Fem Prog 1-46: F=2369S N | 
As 3 (ry WW] = 282 pwa” DOUBLE SHEAR 
T = An, s 23 645 No sann? “ASA MPa. 


/-60 As=G,oYN3:5)= /ፀ.ያ,1,ህ ¥ 
Re F/As* Qboo Lef pos nuy 72/ Asi 


LEL As = RBA ተ ዘያረጸዳ ረ = 925,2 anm? 
TE //4#s= 326 x0?4 / 1757 anan ta BAL Ae 


ራሪ Le 7/',#ፆታ.ሪቾ = ILI m, 











As? (20460) + mo. 8/2 +2C0.72)10.194 ሃ N 1 
As= L/9¥ m? L. 
T = ዶ/ቂ,* S00 L0/] ug * 53932 ai the 
L-63 y= ⁄ «A 
fan ፖ/ዴ= Mun. me _ & 
s — A n" =SIZIN py" 


As= ሪፌ። GOM 22) = 220 anan” 
Te H SV? ND mat = 20 MPa. 


Bei A = TR = dom LEAN Are saj = boo Le 
A5 * bl slo. o 2.2509 72$ 
2s Fu, = 4000467, 2 2 = Wy pi 


ሥሪያ PW. ሪሪዞሪሪ Shehe j Me? AMONA] 0.393 yè 
T= y= 20000 66//2,595 yi Z 52 950 


COLLAR SHERR COLL FROM CONNECTOR bopy 
Ag = DC = MOBIBMON895)= 0,S1SY Ju ” 
Fe ^ = owo I, erh aech 7 38 goo Fsi 


«ድድ za e Seel ዴሪ) x15] a le 
B, = 800016 = 
8 = By feo" SAILE 
As=2(70325);) =0,22/ be ai Gole 


75 Bay 9573487227 yr = BESYO PSS 


F 
$ 


As = HOJI ” ሃያዕጋ።ሥ " 
P= EZ, ° 88 Xx/0? Mgs pasa» * 183 MP 


LÈ 4, = G/0(/20) = 4800 ma” 
Ze ዶዴ = 88.2 KON LA anan? /6.ሃ MPa 


| 


As= ጽዐዩ= MQIZD(AY=BOol6ban” 
ፕ= Offs = 22.33 0 MW 3016 avan” “ 23.7 Mbe, 





Aa 2UTG2Y//] = 226-2zaman © Two RIVETS SINGLE SHEAR 
T= F fas = REKON [936.2 anm” "SEL M PA. 


As? 4#CHlo) NI] = sz. anm” THO ëmge: BUCLE SHEAR, 
F= F/As e /0.2//0 ar due? ይማ t E 22. 55 Mè 


CHAPTER 2 





ONLY THOSE FROBLEMS KEQUIQING NUPIEKILAL DANTA AKE SHOWN. 


ይ-/# Sw Foksi COU MPA) ; Sy * CO ka (VIT mtr), 25% zona 
BECAUSE 7o ELONSATION FSH V. 15 puente, (APA. he /ሣ 


2-7/5 /ዐ 26 HE? JC 9b ELow« AT -GREATER DUCDLITY 
/ዕ YO HR: £5 % ELONGATION (APP, A-/) 


276 Asi JW OQT 200: Hn SUL ዶዕድ ALLOY STEEL. WITH OY% 
CARBON , QUENCHED A OU, TEMPBLED Ar Mo'r. (APP, A-//) 


YES, Sy = /72 Asi OQT 100 ,3y= 129 kri ወ OOF Gop 
BY A TERPDLATION Sy X/SOA W Ooraoo A Arr, A1} 


-E Es 20x 6 dsi (207604) For ALL CBON Ano FEELS. 
pm APP. A-W) ... ምንም. 


WT DENSITY < y, = 
Ge ሪ e^ = OF LE FORCE (Wr. 
Z= ፣ "een deen = FO) "x 22 = 469220 Zanen? 
MASS = 2680 Áy 4,909 vo ia] 3 
Kd A san 
(APA A1 መሠ * / det ። A | 
WT = 4*3 
dnye 30) Ag, 9I an e 36 PI kran fe = 76.98 M 


2-2] MAGNESIUM wOvLO BECAUSE ITHAS ALowtk. É, 
Gud Tee, ; Eri = GPa s 77 6 SNAREL, (APRA-15) 


m AltoYor Awmwum WITH SILI loa AND MAbMES IVA. 
HeAr Tree fo T6 TEMPER. 


£u Sa _ fy ያ DEWS ITY [Aen 4-/6) 
bo&j-0 Aë — ይደ Coxe Psi 0.10 ሬይ//›። 
bobl-TY ISKS Uksi “ SS 
ሪፀሪፅ/-/ሄ YSKsi ¿Ag ^ s 
2-23 


— ኃይ P YOks/ A Suc 2 /70 &s/ ሪሥ« 4-11) 


E Bewoms Oz=Ksvgsi5 TEvsion Og * 87:2 4 ComP, (oo tsi AMUA 
To &&Av , 38S Psi PERPENDICULAR To GRAN 1 SHEAR 2, = VE ISI 
(APP. 4 -/9) 


4°32 ooo ro 7000 fs; (Secmou 2-/0) 


Design Properties of Materials B 


JO 


2-44 


Graphite fibers. 


2-45 S-glass, quartz fibers, tungsten fibers coated with silicon carbide. 


2-51 


Material 


Graphite/Epoxy (High Strength) 
Aramid/Epoxy Composite 
Boron/Epoxy Composite 
Graphite/Epoxy (Ultra-hi mod) 
Glass/Epoxy Composite 
Titanium Ti-GAI-4V 

AISI 5160 OQT 700 Steel 
Aluminum 7075-T6 

Aluminum 6061-T6 

AISI 1020 HR Steel 


Material 


Graphite/Epoxy (Ultra-hi mod) 
Boron/Epoxy Composite 
Graphite/Epoxy (High Strength) 
Aramid/Epoxy Composite 

AISI 1020 HR Steel 

AISI 5160 OQT 700 Steel 
Titanium Ti-GAI-4V 

Aluminum 6061-T6 

Aluminum 7075-T6 
Glass/Epoxy Composite 


Vm = 1 - Vf = 1.0 - 0.60 = 0.40 


See Equation (2-b). 


Specific strength 


(in) 


4.86x106 
4.00x 106 
3.60x106 
2.76x106 
1.87x106 
1.00x106 
0.929x106 
0.822x106 
0.459x106 
0.194x106 


Specific modulus 


(in) 


8.28x108 
4.00x108 
3.45x108 
2.20x108 
1.06x108 
1.06x108 
1.03x108 
1.02x108 
0.99x108 
0.66x108 


See Equations (2-ዘ), (2-3, (2:12), (2:14) 


Ratio to 
AISI 1020 


25.0 
20.6 
18.5 
14.2 
9.63 
5.15 
4.78 
4.23 
2.36 
1.00 


Ratio to 
AISI 1020 


7.81 
3.77 
3.25 
2.07 
1.00 
1.00 
0.97 
0.96 
0.93 
0.62 


H 


2-63 


Given: Vs = 0.50; Fibers are high strength carbon-PAN; Matrix is Epoxy 

See Table Zu ar data. Vm = 1- Vr = 1 0 - 0.50 = 0.50 

Use Equation (2-4: Suc = Suf Vt + om' Vm 

Strain at which fibers would fail: er = suf /Ef = (820x 103 psi)/(40x106 psi) 
Ef = 0.0205 


Stress in matrix at this strain: om' = Em 5 = (0.56x106 psi)(0.0205) = 11 480 psi 
Then: suc = (820x 103 psi)(0.50) + (11 480 psi)(0.50) = 415x103 psi 
Modulus of elasticity: Ec = Ef Vf + Em vm = (40x106)(0.5) + (0.56x109)(0.50) 
Ec = 20.3x106 psi 
Specific weight: ነር = yf Vf + yn Vm = (0.065)(0.50) * (0.047)(0.50) 
yc = 0.056 Ib/in3 





Given: Vf = 0.50; Fibers are high modulus carbon; Matrix is Epoxy 
See Table 2-/Sfor data. Vm = 1- Vr = 1 0 - 0.50 = 0.50 
Use Equation (2-4): Suc = Suf Vf + om Vm 
Strain at which fibers would fail: ef = suf /Ef = (325x 103 psi)/(100x106 psi) 
"€f = 0.00325 
Stress in matrix at this strain: om = Em € = (0.56x106 psi)(0.00325) = 1820 psi 
Then! suc = (325x 103 psi)(0.50) + (1820 psi)(0.50) = 163x103 psi 
Modulus of elasticity: Ec = Et Vf + Em Vm = (100x106)(0.5) + (0.56x106)(0.50) 
Ec = 50.3x106 psi 
Specific weight: ነር = yf Vf + ym vm = (0.078)(0.50) + (0.047)(0.50) 
ነር = 0.0625 Ib/in3 | 


Given: Vr- 0.50; Fibers are aramid; Matrix is Epoxy 

See Table 245for data. Vm = 1- Vf = 1 0 - 0.50 = 0.50 

Use Equation (2-4): Suc = Suf Vf + om Vm 

Strain at which fibers would fail: er = sur /ድ/ = (500x 103 psi)/(19x106 psi) 
Ef = 0.0263 


Stress in matrix at this strain: om' = Em € = (0.56x106 psi)(0.0263) = 14 740 psi 
Then: suc = (500x 103 psi)(0.50) + (14 740 psi)(0.50) = 257x103 psi 
Modulus of elasticity: Ec = Ef Vt + Em vm = (19x106)(0.5) + (0.56x106)(0.50) 
Ec = 9.78x106 psi 
Specific weight: yc = yf Vf + ym Vm = (0.052)(0.50) + (0.047)(0.50) 
ሃር = 0.0495 Ib/in3 


Solutions to Problems 2-66 to 2-67: Some data approximated from Figure P2-66. 

Most accurate values are for Ultimate strength (b.)and 96 elongation (f). 

Elastic limit (d.) estimated between proportional limit (c.) and yield strength (a.) 

Modulus of elasticity (e.) computed from (A stress / A strain). Data are approximated 
Materials found from Appendixes A-13 through A-17 matching Su, sy, % Elongation, and E 


2-66 a. 


2-68 


2-70 


2-72 


-romp ይይ pp IAMINI ፦ሮቻወጓ3ኋወይይጅ 


Sean ይቦ oD 


S, = 73 ksi - Offset 2-67 
S, = 83 ksi 

Sp = 60 ksi 

514 = 67 ksi 

E = 10.0x10 psi 

11% Elongation 

Ductile 

Aluminum 

7075-T6 


S, = 62 ksi Offset 2-69 
Su = 75 ksi 

Sp = 50 ksi 

Sa = 56 ksi 

E = 16.7x10? psi 

15% Elongation 

Ductile 


. Copper Alloy 


C54400 Bronze-hard 


No S, - Brittle 2-71 
S, = 55 ksi 

Sp = 50 ksi 

Sa = 53 ksi 

E = 20.0x10? psi 

0.5% Elongation 

Brittle 

Cast Iron 

ASTM A48 Grade 60 


S, = 35 ksi - Yield point 2-73 
S, = 57 ksi 

Sp = 30 ksi 

Sa = 27 ksi 

E = 26x10? psi 

21% Elongation 

Ductile 

Structural Steel 

ASTM A36 


፦መሮዌ “ወ ይይ 5% -sFOng9 AO TP rFEmHBHOD 


==e=e e o = 


. Sy = 173 ksi Yield point 


5, = 187 ksi 
Sp = 162 ksi 
Sa = 168 ksi 


. E=29.0x10° psi 


15% Elongation 


. Ductile 


Steel 
AISI 4140 OQT 900 


sy = 49 ksi - Yield point 
Su = 65 ksi 
Sp = 46 ksi 
5) = 48 ksi 


. E = 26.5x10° psi 


36% Elongation 
Ductile 


. Steel 


AISI 1020 CD 


. S= 53 ksi - Offset 


S, = 59 ksi 
Sp = 31 ksi 
Sa = 42 ksi 
E = 12.0x10? psi 
5.0% Elongation 


. Borderline Brittle/Ductile 


Zinc 
Cast ZA-12 


sy = 19 ksi - Offset 
Sy = 40 ksi 

Sp = 14 ksi 

Se = 17 ksi 

E = 6x10? psi 

5% Elongation 


. Borderline Brittle/Ductile 
. Magnesium 


ASTM AZ 63A-T6 


2-74 a. 


2-16 


Zen ይይ 


e Sp =o ane > 


sy = 155 ksi - Offset 2-75 
Su = 170 ksi 

Sp = 142 ksi 

Se = 149 ksi 

E = 16.5x10° psi 

8% Elongation 

Ductile 


. Titanium 


GAI-4V 


sy = 80 ksi - Offset 2-77 
5, = 90 ksi 

Sp = 62 ksi 

Sa = 71 ksi 

E = 2610" psi 

15% Elongation 

Ductile 

Stainless Steel 

AISI 430 full hard 


==e=e ይይ = E 


==e=e ይይ gp 


S, = 40 ksi - Offset 


. Sy = 45 ksi 


Sp = 30 ksi 

Sa = 35 ksi 

E = 10.0x10° psi 
17% Elongation 


. Ductile 
. Aluminum 


6061-T6 


sy= 80 ksi - Offset 
Sy = 95 ksi 

Sp = 55 ksi 

51 = 68 ksi 

E = 26x10° psi 

2.0% Elongation 
Brittle, but does yield 


. Malleable Iron 


ASTM A220 Grade 80002 


lq 
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CHAPTER 3 


Design of Members Under Direct Stresses 


Be Sox 
oe Bx LSN ai 
S MI IOAAVNN; 


Zeen Sys 2G = 2l/06MmA)=ZE mba. 
duet ut ZOIY-TY HAS Sys 2904  (AFfeupsx A-16) 


= Ola e Z0,0XIVN 
z = a = ER 
Colla) ze? ን n E 66. 241. dd = Su/g 


Been Su” 8 O3* ሪረሪሬ›#ሪ) ፓድ 533 mfa. PWI Gooo Ducrzu ry 
ASI //ሃ/ ANNEALED HAS Saz GODM fè. , 26 % ¿awa AT, (A- id) 
Coz Ya e /720 te (0.40)? = ያ Psi = Qj = Su fa 
REOD S* d « 80/0750)3 ይሪዕዐዐፆሄ/ Mevs Goto ይረ ዜዞሃ 
A/354/070 WOT BOO HAS S, = B7AK J 92% ELONGAT SON (A-/4) 


= /08 mka = 6 = Sy/z 


፡ ኤን ld bias tke. (id 
TT (0.328,4)*/9 79 f dd eo, eó Y (A J ) 
Reoo Sy= 3/0. lò 7/6750 42 /, = 22900 1 

ASTM A36 STRUCTURAL STEEL MAS Sy=3btoBi (A-446) 


o-= Ge £200 Le 


መደይ ይደ ወ 990 pai TOU MIKA; Gory st SISP (A79) 
(A-9)—** 


a) 


//6./ GRADE DOVGLAS FIR HAS Gau 0500! (A-419) 


b) A 
70 VSE V0.2 GRADE SovMmEtn PINE: Qiu? 5756 


REOD A280» > ሪረዕዕሪሪ 


d ነ 
ም ፍዕሃ INS USE 248 or YRY 


ዕደ TWO 2Xy. 


es Yas A=., ሪሃርርረሪ = @.$33 ^ TOM 


Reoo p */#47 n -JV(2.531,0)/7 = 0,827 
SPECIFY Ya m /ሪያያ) ሪደ ^00. DA. 


TOTAL MASS = //56 + 6350 = 750049 5 Ins hy ON GACH STRAP, 
F=mg= 1891S ko Ii aa de te /£ 39V Ar 


Read As E e 18374, = 263 anan ' Star Y8 man) 
CR 70 Aide? 


Read we 263 an YB pam = 32.8 anan 
SLEVYE => 25.0 mm 





ነሩ 


Ë 


d 
° 


ZH 


ኔኔ 
si 
” 


| 


À 





` 


E 


Ss 
x 


FORCE ow 5#ጨዖ ።/#/9.4ታሀ#.ይሥ//* =180DN 2 OS M/S jou 

Cy Ay? 902€ w/o, = 45/3 M " .ዑ. f Cy 
C = Cyfan 20 = 13 IV Ai 

C =FoktE IN Rod z 


Pe e 13/094 $00 8 600 a 
60 A s — S genes s= Ya ke 
EE /20 Anan “= ND 44 


Been De (TAJA = (Z(/lo want) In € /2.9 mmi 


SPetrey 024.0 man 


L. 7000 La _ _ , A A 
O77 47^ WOEOAyUg = 1393 es; = + x treo Sréevarn. (SEC.2 lo) 
REGO RATEO STRENGTH > 4(/393)7 $50 Psi 
SPECIFY 6000 PS/ RATED STLENGTH 


Lo^o on EACH Btock= 29 Soo 6/3 = 9933 LE 
O= ዖ .. 2033 L ' i 
A Lir ae T o Sa 
/F COMPRES o0 13 PERPENDICULAR TO GEAW Wo SUITAOLE Wide LISTED. 
IF PARALLEL TD GRMN: NO. / SovTH. PINE är 850FSi (A-419) 
NOZ HEMOR “d$, = 80008! 
NÒ. 2 Dot6LAS FIR - Gy = /0.0O PS} 





ጨሬ. = LARD ETREMAN . ዴይ LUE. SIBMA. (Sec. 2-2) 


ReaD A= P . ¿So xA W ç. > ተሜ 
—— e AE em = 2.90 X5 Aman = ZD 
07 ”፡2##፡/ሠ=” id VI 


Reon De [TATA = 602 anm /#5##2/ዖሃ 7002708 WA, 


Sam UIS MEL = Pas P= ፓ.4 (A - /8) 

Ae lz ኣፌዜ'ህ/ሃሄ = V Se aran” 

P= (Ae VELA Sp መመ m Me TAN NE L7 AN 
ሥታ — E EN 


v, 


As (YO mm)"= Mbobanm”3 Duo? AIMA L GRAN (A719) 


68,6. 228 Genn (“2 HEALICK) 


` P= 0M 7 b69 Mm? | bow anan") = 2,70 AN — L GO 


P= onp» (5:52 Imm l boom) ° 8,O3kN— // GRAN 


03 20:60 Sy = 0.b0(SvAi)= Jooksi = P/A ሪ4/5ረ) (A-16) $y*S0Ks/ 


Reon A= //ዌ; = 000s  > 0,133 we mo) 
9 ያሪሪዐረፅ/2ቱ፤ ^v Ze D <0.75 og 


Reov D* / FAIT » Y 4 (0183'S /7 = 0.4/2 m 
SPECHEV DE VA m. (329 IN.) OR 0.500 mw Dk- 00.7524.) 


/6 
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JA 


iC 
t 
k 


2:22 


Enpo 


A l2.eX 4) + 2 [Uto] = 4 ou? 


~= Pas $2000 LE /2መ = SZ, 
— — // 79) es; >” d ድ ጫ#ሃ | 


N =..ሬሬ..ሬ 80 000 fs; ai 

c o Frè; £9. 

FOR SHock ሪፀቶሪ/#ሬ - Doer1,& METALI de SA fy 
G= Dm fa = /32,C MON — (A-/]) 


Sean Ae Po. HS aA. $82. s ይያ» Bl28)= 28 > 
E 132,5 Naam” 


R&Q0 B= (A72 = (99272 = 293 man! HEY anan 
SPECIFY B225.0mmm ያ # = S0,0 an 


B= Sufg= Soen Gas /000 Asi = YA (4-2c) 


=f. /ሪርዕ ረፀ ds — 
Zeep A OE Foo መ EE =6.20) Cur) 


ReaD wre dad ze = On N OIA 20m? D. $5044 


SPECIFY ፊታ= 0.600 IN 


A (EON V0) KEDAI KITOJO /V 52552 ል” - 


C= P. bO xN _ » 
222 = 190 MPa = Gy 
Fok OVCNLE METALS: ሟ። Sy/2 
REOD. S, = 2 (/ያ0)ቨሇ Zë ae, 
Possiace METALE! MSI LOYO Ae, Sy Af apa (Au) 
AASI YIYO ANNEN, Sy ° 9/9 AA, (A-H) 
ርሪሃሃዕ6ዕ BANTE) Sys 392 MA. (A-15) 
ALVAIAVAM 20/7 -T6, Sy» VV. (AS) 


AISI to?o CD, 5 = YU MPA (4-11) 


SEE PRob. (1-98; ሠ» * 718.0 AE, COMPRESSION 


ሜ፦= 06 $,* L6(248nA)Jo HI ma (usc)  (A-/6) 
OK FOR COMPRESSIVE STRESS. 
COL Ga BUCkLING SHOULD BE CHECKED. 


V *50 MP». IN MEMBER AB - SEE. PRoB /- $5. 
Gi» 54/3 $ Zeen Sux ፅታ» PCsu)= Yoo mPa 
MLUHINUA 2ዐ/ሃ-ፖሃ, Za e 427 M fa 7 Zo #6 6Low 6. (A-/& ) 


A = 0.941 Ml” Oze 0.66 Sy * D.60/3&bobesi) = 2/ boorsi 
hw. 5 Vi 'A “Q/bov ¿aZat) (207022) e Zo 390 ¿e 


j^ 


Elastic Deformation in Tension and Compression Members 


5-23 ታ። Bob esi; Bc #2 rs; 2 ረ.* ይ.ፅዶም a PIN Pre 72 ሪህ 
£= CL « BBI LIZAY = 0097 m 
ድ PETF ዕና 9.09 7 AN 
24 A=(0.2S2( IDE gan P, LE VA 
ፊን ACS i5 ን 


Se FL GON Mamm - 
C (ZA Y down] —— 
4) — $ In ASMP OK) 5 ድ= A590 MAB 2880 Manm 


efl s (@)(2252__ use 
"fA Gee) መ 


VON CHE EN 
£ EIRON denm 





AN 
1 


25 Dos 255/# 5 Dis iD - 20,085) “ 2,23⁄4 ; EE /0 6 0 75) 
ASA -De WE = 0, S1n® WA j 
# e. SEA. 00s n Y b.sx/ttey Mo. 7A) _ 
ekri F = = 795° Mn LA 
: - 2359 ; . 
oof = 2806. 365p sf OK; sy = ¥z000p%; 
L) Wwerdp ir o DENSITY OP fue — Odd ¿67/22 (WT. DEWSITY 
DENSITY ap MANB utm = 0.666 LESIN? 
2) Exear A Knew LORO AND MBASURE DEFORMATION. 


ያ Fa ALUMINYA -IORI PSÍ 
E FOR "ÁA4nES/Um — 6,5 X10 *ፆ// 


x 
E 


Q) NSI R20 HR STER? STEAN: 797 72-5 LE n sé data. 
Reed. Av Ls BSOON — = bas pan ED 
56.0 Wa i መዣ Word 
ድ66». p= | B ሃጎ IEL ITE 8,92 anman 
— = A Ga > ien 
Feb». A> fie Sec Kee መሥ”) | Ba p ppm. ባወ 
WE (2070004 Jove: beum) Ba Y 
REO'D D* “MATE = gien - GRS 


b) Avi WYO OOT 700 STE /ያ MUCH STEKER THAN AUS /22ዕ/2. 
THEREFORE t DEFIOAMATNO GRN. E JI SAME. 
REOdD. DE A.63 man 


C) ds, 608/ - 7ሄ፥ STENT! 3 ZT Se MONÉ «= 3,15 mp 


8 € 
Read. A =F dor ITONG pas Momm © 10,3 Zoom 
296. p= 90777 = /6.0 anm 


DEFORMATINS EF Fèm 69000 MEA 269000 A ium” 
iif M 630). — 2 

Rtob. ሥ ፔፔ Sono ALE "Zen Esrekas 

enn Ge A77 = /g, Yanm 





(Cour. wexr PAGE) 


/& 


2n 


ያሯ8 
ar 
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= 


2-21 


22. 





[tonnavEv) ያያ = VOLOSIN = dei: DENSITY 


STEEL! MASS = (88.8 mm? ) (674204) (Foyt my Aë Za? 
* (oem) zz hy 


Anert mass = (266. 32 (630)( 2720) / p? 046544 
A? n D*/y TOA EN Amm”! O= EJ = 17000 MA , አሠ.” > [SOMÈ 


Ja E . /524/ሀ7//)/222 am) = ዐ./#0 ገሙ. Low - DA. 
* (2.02 000 N Imm JE 13.1 am ni FoR Sreo 
ሷን Ti-em- 7 ፤ E» MY 6002 14000 MAR “HION L am, ge 1070 ሥም“ 
£4 000 AM /29 mm) .. ; > 
FA PPR e Agen ; ታፓ Bee ja 


b) ASI Sor BOT A00 ememr ës 2ob ዴዶ” 200 om N lavan Y y 3/ 1100 


Svo) )( / 230) 
X ER Oc nmn 


p. A= e 25000LG T. , 6 
Prob. As Goe pawit o Laco te ou Be Alt 


#» FL , Goo Lello FT) Imer) 


AE“ LYANN MZIKIOS ab Z 4" = 0.097 iN 


ይፈዕ//ሪ4#7297፥ ራን ድ MDLEY.YOn) š 
dL: OTT IYEYITY YS WE ZA 


COM#LESS/ON! Sa Fi » (So )( £o 

on") G2s¥.429) 
STRESS ወ5 = P = WY o ozas = IM ao sj KIY Pla ANY STEEL 
Reteateo Leap! Op = Ya ; S B PIKSI) = HEKSI MSI HH ORT LOV, SMS) 


- LI 000 Usus 


== LOWER. Semi o y 41 . wold . | MAX. STRESS LA TOP < ECI20V 
, ai lox dr O-D033A | Assume ergo Lono 
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— 5, fit oso) (15) ታ=-፻-=./9596፥8- L 2/ፀፅ0ያ5/ 


"መሠሠሪጩ መ | OTA ose mt 


nya t$, A lK) yaksi 


Gondora; "00/75 mM ak Foa ANY STEEL /N 
———— APPENDIX A-H. 


TO? Stcmw: JB. Lx ሬ Vos ( 25) 


mm: NU 0.0229 au 


A= i D> 049A = (hest htr ኸ/ሃ። 0:23N mi" 
ve € P ft ኔ ረ + 
F E. 0,050 IO "ፈይ No.23 a") >22/ሃረ 
Oyu BUFO, ንእ ሽ/2 VOUS! To Any 


fa: = m d = SLSP 





3-27 Asm lo -DA = ተጐ oca WV = OfF 8 m” 


O--f/A* 2500t0/o.19 2810 = (29 OS) = ORF 37/2 5 B25 93005) 
Mummum an HIB nas Sy” 22000 td 


=E = (250018825 Ellin er) ç 
£ ELTEREN EE 2436 IA 


‘7 


== A= glos- n) L dsi qa?) 653 mm? 


y 
po 3 : 
m £t. (ta.2 x/0 4/) ( YO anan = 0.046 
$* FA Z? 000 Ni man” N 653 mn?) m 


SE ¿8.2 Xh? . 
2 = Toi moped = 27, 3 MO 








3-3 
E Asmo'= m(o315Y/o = OMOU m? 


-E - /ሬዐዕ ፈፀ ye Ay 4 
ፓ= A O. of inè -/ጀ Soo PST. 


ER ይ = Lboo “EARS ET lè om 3 = 0,782 Au 
€ Doan ፈይ a yt) EE 


si 2 
=Z A=(3oamm)= Sid man”; € = //VGPa, AR 000 AA 
fe = //0 + ይሪ - ## /SORN rensson | oa LALO 4) = 167 MAN 


fe = MO -YO = JOAN rEnSIw Sue 10 ማጋል በሉ 
Pep 7 HORN TENSIN 
£ = Sha tac rien FLA L. iL Fi 
EA EA ራድ 
e 5]. , Goulen ሪከ ረ] 
(414 000 naisi Y was”) Uivoo (Gon ` Groe 300) 
Ér ? D.déS man ቀ Onl Dane ፉ 0,268 Man 3 O.8 OV Anni 








238 EL... foooousX/o.o, e 
ፎኔ ድ 55 — = = £000068K/0.b ") — = 9, X, € 
fA ous na ons me ELMO ESE 
PROBABLY ALoetHMU 62 € S 70,0 ka Š psZ 


O = Fla = £0000 L6/o,.uv, B Auf FAL 625 (bi SCE AVZA-/B 
ታ “SY FOR MOST TEMPERS OF MUST ALOYS. ENSME NO Seng OCCURED - 


3-57 2 2 
Ans = Age = TGS). YO pa ai H SE TUE = 2o, on Be? SE > 44M. 
> fe 2490 as 


Pia 5 7265 -/2.32 w 4452 Engt L apo Bomen] o; > 
Fác = -265-4232 = —2/.97 e (cout) ç L ge = 100 anan Aco MA 
Sa = 22 0 4. 





Feo = ~ 26S BA (conse) 3 Lap > /20nan N = 55 IE us 
e 6 * — 
E = 2966 A anm OK For Sranc LOAD 


Sap = - e Las | Fac Lec , feo Lev 


£ Ane E dee FAs 
£, 2 L-1252 MÒN NO man) ተረ2ሪያ7«/2/(ሪ22/ p CR zo) 


2760 Manan Sina! | (2960) /9/) ` (29600207) 
dap 2 PO AN Au m ” 1.5 4A pwan d mm =A HA pam SHORTER 


LO 


a-yo ee FA" ont, 27 PT 127305 í LET Oa ?Yoe -5042ps; 


መመመ USE f, = 6000 PS} RATED! THEN E= YANM ps; (Sec 2-10) 
4,* MDY = 52.27/#”ነ Aes 6.02 m" (APR A-9); Ep = 29 x"06ps; 


$ = S, tSp = PWwoue)Gewer-Miam[er) , Eon Mg QUO goa 
° 7T ሪሪሠመሪ›መወሠወጋ”ጋ) (Zannt) (6.07) 


£ 20,0049, + 0.0378 w * ዐ.ዕ 476 IN š —— 2/063/7P5j < Sy 





3-4 ofl... Maore) C/o.çer)(/2ze er)  _ 
= a) £= A aa ni e26 MM 
A= MOYE Moma o,o0322 m" 
ges É = POA, oy 5922 t 37300 (5/5 Dee TOSYEIYONAN 
b) Z=: 70009,5031; mm? = 62 2000543 À ኃርመጩና mme 


VLTIMATE SRLENEM OF THE WIKE a IT SHOVLY BREN Kor 


EE oe Pie 252864, ዐረ TID ሠ” = S556 Isi 
(25 Lé M2SETDL Bindery 


= = = 
dd Goxntehnr sd ERT — 


293. E= Otuew'A = 60e 22S) = 61318 
Fé “ደህና Y/0-2571)2 477r). m 
4 LA 13200000 £A//N* 2(/2.2$s ANE 1055768. 
222 de (2007-/50*) = /? 00 anan” 
P= o AZ(200 ki liam ) 12500. m] 5 -3820 f 2, OMN 


e DL. = (Zoo wan ) (/ቋዐ m) 
ur ag; ር ል — 


As ያዕሃሃ፦ TRO) PV. = 2,00 man “ShSvme mass oe AATE ሆ Seed) 
Es SEA ` ፊሪ Y JD 000 Nami C, Kéi 22v] S 
L 3600 Atm —— 
ds ZA * — NP = 183 Mba. (LESS wan $y) 
— ME WAY = 1236A/9.9 me = 132 M-S Ke = MAKE 


=== FB Logg /-s3) t ። Tefo = Bolma 8] = 9,906 a oi 








Thermal Deformation and Thermal Stress 


all, ያ=።ርኦ#። Bez F “ዘ ser tote) Am Fr 0406 yu 
AR ያ። #ረል) * (43 An “ON A ooo M 72 08 LOA. anan 
ፌሬር. > es(A&c)= 207 AK JM EM Anke 2180 h. men] 
dup Srat) 3am SO YozsamASE'O= Sido man 
221] A) $2 dlae): (357059 623 mom M 65%) = 0M T anza 
b) ያ=ድደዕሂ/ = (207x107 PAY 310° C)(9/ 0) 2/2 mea 


LÈT S= 0 Llaed= horat oF IN vorr HF it W/er) = 080600. 
THUS ሪ፤ TNE TOTAL op. EACH ENO Covib BE OSIIN. 





^2 cog ASTM AZ6 


2-53 DELK CoD EXPAND BYATOTNL DFO.SO/N WITHOUT STRESS. 

Reod. ate $ 2 OSObIN 

AL loxi eh e Fri rr) — 2926F 

C23 €, rate 26 40 ue 79600. — 

REMAINING Ate MO'F-IF6 = Zoe i 

ታ። EXx(AtcYs ርኃ##//፻5/7ሪራፊዕሄሃጎ። e") ሃ) ኝ 693 05/ 
3S Ate MF~ ሬዕ*ዮ። መ” 

£= ALMAY = €. oxo Egor a Ne) = o,Sou m 








— Ze die 300)~ /ያርኗድ,/ፀነ መ 0.2. TT anm (CHANSE og Cotton FREMB) 
Ae EE = 2/9.8 % 
76.9 r (0$ CIARA Sea) - 1 
— — 2 26 + 2/V.t9 ZIYE'C 
5፡1. FOR FST PART DE CooLING, RING UNRESTRAINED UWTIL 
JIS DJAmETEA GETS TO SS, 200 22/1. Ae 5300-5, 200: 0/0860m 
At 22. = 0.100 avni = € 
ዕ፣#4/)”" CT ASS, Zoona 407.2 C 
te- p -DEE 2558 ኛ -/ዐን፣2 ሂ ፍ /£2 ሪ"ረ 
. /4ዕይዛጩቃጧ ልዮ» /22€-207/026 “ረ 
T =E tae) >(/73x/0 1) (6,010 YO W02, eC) maa 46 
2-57 


€ Searss “ALE = ዕ፡5፡” 9€ )( 4200 mo 2$'CY9. ሪ-ቕ%%.ቃንቃ፡ I 
bes = A¿Lüt)= (Etat Somm 750 = 3,51 anan 


2-58, ge cult) =(b,cx0 toe Yous 8) (/9ote)=e, 934 
3-5 INITIO EXPANSION OF 0.70 mon ረና UN BESTEAN EDD. 
za! =$ 4 0 anan “go 
REO'D at ፎረ B (2«22 3075477! 2:527)" EE ሩ 
Zoe t, tat = Zot + ሪዴፅፃኛ።» 3⁄,9 YA 
A00. Afs Jo't -35:9 < = BH. -BESTRAN EV 
T= ድ ፈልየ =(#ያ# ኝ%ኑነረ2ሩ,2 ለ" C0 3420) 8 38,9 MA 
260. O7 Edare® (Zorin? RANA AIOE ZU mes. 
cb 


S, = 10,508 - 10.500 *O.00$/4 UNLESTLAINED 

ን Z > PETA ““J(/0.S00 san u Feb °F. 

Leet: rot, = 2 ቅ 3ሬ.ሬ = ///. ሬ*ፆ 

400. dt? Jo -,/.ሪ = 28684 PE -RESTRAINED 

ሮመ“ EA tU) = (oxi és; Ko 410%? p) /2gg,7 FY € 32 Sco 031 
FOR ልዕፅ/-7ሃ) Sa * 3500005) , ወሪደ SHouiy PAL. 

ALSO, BECAUSE BARIS IN COAMKRESS rom JI TAY BURGE: 


— —— 
Sri 5 Aces) = (S,3/t 1) 30.0 mAN? FY= 0.0234 m 
Sp -Sri = OZJÒB/N 
ton e= SZ: 0,00 876 


e= pe — 





424037. 





ጩ2 


S £= tele) (oa tp aser sers tI COLSON 


2261 TOPI fr #ልወሠሠ። EL Le EH = be te 
Sri ¿ç OO) + de la 62) «46 Cases rato) 


Sr s. 0:0008 ጋ - 
Aet Gier tX ala UON ANS C Room) (20.510 EN AWA) 
Ate A3S°C ) C22 Cit Co 201737 2237'ር 
— ADDEO 07» ድጩ bt S P aot A Ito t (35 C) sdf ach, 
Fwa O = YOR WV = ASYA Pos 


266. WEEN HEA EE wovto RELAX, 


O X /0 6 Pa 
ው = * ንንም VIE YAL = 42.3 °C 


tze ti ተቁሞ = 20 +/2.2% = 22.3 *C 
Members Made from Two Materials 


32347 A s= = /S0°~ 130° Sito mm”, 7 /ረ*/ያ6*= 16900 mimm © 
FES TET. 3) (324661 NES 
fis ër Ae Ec. “kasta +Y2676 fa) Halom OL A) “ሥሙ LM. ጋ 


ሪ2። op Es/ee ° Pho Mt M 207 Ca peg, * Fo ALO 


3-68 As = ፍሃሪ፤ Lage A-Y; Ace Gon)” z 250144? 
Ey= 26 xe fsi ነ Ee? H 2 wo’ P<; (Sex 7-10) 
LET Oç Ojc* ። /S00 Psi; THEN Gç L Oje "2 6oops; 


De [Ass t Ack] | Isori ይ ሪታ መር መቹ 
Ec Y.7 X06 + 
F= 139 800L6 5 ፎሪ op, Oz ናረ» fE )- — 


LET Oz > dës | Os = Oz SZ > Js SE -ak 





de ? 








=. -AsEs *+AcEe | ሓይ. Aerts 22 Ae ng Se tAc 
e ያረ ድረ 
des b>- 6-25)> 6*- fb-200.5)) = po. ኃ-//”=ዕችሬኝያ 725-7 


"ዕ-/7ኞ= 57-24 ti 
.38[2b-)N + ዕች2ሬ + = ፊ ች/ዕ.ፖፖፊ -< 38 


E 200000 .333.32474/0.774 -5 38 
Ge /$ 60 


b *6.224 338.2 =o 
EY QuADEATIC EQW., b= / 2.874 


— 
e 


a. 


23 


ZD AseAns2miiyN= se SS. anan” 


ali AsÈs t AACA — — * errs) Mt eoo OVC) ——— 
(s = Oh Ete, > 99S MO 29744 s PUR LS" MO 


222, weanys = 2262:/2 DË tw 22,242 XIOW € #5 o A De 
IF din $52 Mf. /2.2 22b 46%, |; THEN d ef BE 0 296+ Lè =/#///ጨ 
Garen #/5 = 1000/95 500 mfa, ዕድ. 








WA u, ee Eb en: gi DAN 
£ deër fÁcEe — zët tbe Acl2es teed 
Ae® s 2222 100° NWI/600) 


AST? reel ” 777" Jlo riula 236 anaa” 
b= | 74/z * [ ሃዕ5ህ/2 “ 6.20 anm "MEE DA 





xa l) (eneere. FORCE REO O, TO DEFLECT ALUS ROD A e 


Pa £ SEA ak [o mn beoson law ll 15 3mm) 5 27.24 
5 SDJ ans 


2) don ua Loho WA >= = 250 AN- 72 Ste ILJEN 
2) BOTH MEMBERS — The SAME AMONI VOR A. 


= r a 
54* EFs? FÈ A L. n e 


6m Sen Yo fie: As 9.5: 681 mt Esan dre 3600 man” 
4) Pet fae R” Nw APR A-12 Er) 

fst ሃይ “2.ሃ2ፓ, “272.26An 

Pe = A246 fa 

ba = 272.76 - 4/478 ወ Aë Ze MN 
S) 70 rft LoA0 ow Awa: Bay" Pit PA" ILYET 160.28 237 52 AN 
6) STRESSES! 


ጩጨ“ራ, yi T PT = - 312 
ya 2ዕዐዕመ” EI LAN wo, 

e PAL e 231527 DIN 
dër “Aa” Se man LINA. 


dl 


373 p me wer moves /¿S anm IN ONE TVEN 
2) THE FORCE ረሪወንጩ/ CAUSES THE TUBE TO SHORTEW AWO INE 
BoLTS TD GET LONGU, Za ቅደ m Sena) a La “ls 


3) THE ComPeeSSNE FORCE IN Tie TYGE 
EQUALS ME TENSILE FORCE WW TNG BOLTS 


Pu. “Ps (ow ALL Fovk Botts) 
D An =f (459*- 7289) 322 HP anm" 
As = TOT Zug anan” 


5) fu Lac P; Ls 
Eat ^c TEE e = ZE anan 


fs 


* 


Ps (4S0) anan - 4. ዴረሃወ) shes 
aina Natan) Bo?2W CI) 

Pe Í 2.yo x/6* ፉ ሪ,#5 séi) =f [9, 2269 . ፥ሪፎት 
ይ = lay AN “ጋ 


6) STRESSES: 


Zx = fs. Z37000 Ai 
578” 3A are ረ 


= fan 5 IZYOOUN ሬ 
On ee ZIN adan” L9G be 


LL ር: DEE, ees 25 es 
fre ASEs+AcÈc ረ“ forni) t Aur zie) ~ SE 


Às © 4.93,4* £ Ac = TOV - 545 = 708.914? 
OS* d€ 'be/pe * 3200/29/23)» 3137 #5/ 
MO 7E: Esz2IKNÈ Ps; FoR STAVCTURAL STEEL 


ደረ ። 2.7 X/05 Pç; FOR CONCRETE WITH £ -2ooo pò 
RAED 











(SEE Sec. 2-10) 


3-25 #ቤ2 Sovntenw PWE. Pépiwvasye” ^ SI MPA ET T Gea 


ZAV PóSr,  =- 496 RIO ën 5 LZ 426^» 





£. > = Az . ##ጻ/02 += JL 560M 
C= — ያ F, C uii AZ LEIM p 7.96 Avi /ራ- 

A ESA A "መጋ - 7 SC — 
paa FL. (125ton)( 4.260) x (ene) 


EA ` (2. 2X5 fa 2 Jo X san”) An 


As Zei — 0-051 መዶ 


2-26 tyè Zot Li = 22520 fam (ee 
Z ina Z 205°C. ALVM bobs “TY, Sy=MOM Fo. 


AV Ttmr.Ar WHICH BAR TOUCHES PLATE vus bs EJ 2. SD je 
47 2, 50m» = ALE) 
^t 8 8 Š D, SD ron 


= 98.0% 
AL (yu S )[ 725, om) 


Cristy ተኤድ= 20+95= VS NS STRAIN Ar THIS TEMP, 
5) ADOINONAL AE 265%~ US*C= 900°C RESTRAINED. 
C= Ea ል፳ ነ ። ይፃ xa! (zs yx Y an. 


.O * 148 «/ዐፆዎፊ 2 [ISMP > Sy MARRIM eran WELO-FALAE 
4 COMPRESSI #/ 
B MM oM 
Ae Li-Li = 2YOS-2.Yon = 0.005m = Sobarm =” L 
At, = LÈ = BWEN .. - @,¿ “C 
xL, (23.0 200 © % 1) 2-0 an) 
z= É, ልዕ, > Zot Mb = /ፈሪ*ሪ 





(b) INCREASE 30°C, Ea //ፅ.ፅ ረ #30 “JYOK'L RESTRAINED. 
ፓ= ድጋ ፈይ = #፣ xo? ሥሬ.)ሪ23.9#/7*ምፍ-/ Zo'l): 
o = S04 X/o Pa = ZZ. ML C # WI E<X-S ፅ ል/ 


(C) Sy = 2WMmPa Fol ZoM-TU. SALE Ae ANT YIELDING. 
Bor BooklLIN G SHOULD Be” CHECKED, 











3-76 Snax? dE man» REPEATER ANAL TENSILE LOAD. 
SPECIFY MAN. PEZanssiBlE LOAD. H % 001 13060. £= 202 GFA 
A) DEFORMATION t Sa ££ . mw E = ZEA 
Pd L 
A= 304202 Boonen t, LE POG pou An 
= ፇ# ) ሪጋ መጋጫ. /ፇ ` 
F jyt Ó, Sorta Zo 7XL0 7 y 
dd (760 win) E [oet ) 
Faax= 88 2X AW = 88,7 Mé 
(5) sr«ess = $^. = ELT AV a fa = /0/.8 P. =A 


Enar? O3 Al al, D Ni ma YEDann”)= 6l 000 A — 64,0 Éy 
STRESS GOVERNS THEDESION. E mar 264, 0 er 


eC 


pre 11 FIGURE 3-79, ረጋ መሮ TOTAL ELON SATION.| 





Yo | so | 
@ S, = ደ ti -(VoxiPNY30ma) | ya : 
ድ A, [73 KAZ (fo ma”) #.4# i e | 
£, = DÈY m ጋዳ — Ln yi 
EE ZIGfG-Z=Z73ZA( 
ጋ Sa 2 £, La » box) l yo) = 0,05 YA m 1m E E 22 Xm MAL ፦ 
ራረ ሪ፲2463/ሠወህሀ Z= 23x49. Yamane 
ጋ $;- Bla Go x) (50) = 4424 Bn Sy = 4/9 pa Pa 


e Ada @3A705)(229) 


$ revan = Z, +52 FÉ 3 = 0,347/ pan 





3 
Cece STRESS ሪህ (Dt Ojo E= OMEN > Yap mfa Cosa Tb ያ/ 
Ar foam” wr SALE, 
3-80 Force ANALYSISI M= Looky. 


W = an 4-7 680 Ag. 2, Brom >= 667/N = Dowd WD FALE ATC. 
SIME LAW: 664 — Ac Eu. F0D o£ C. Ec 
sin FS? San ZE SIN Ze ° 


ACE OEMN(SIN3S"). ZILIN 
SAN IS? 


Bez LUNI SMmzo”) _ 6/90 A 


STEES} Kon AREA ZA= IT Lom) MY = 50.22 man” 
— BY 4 BTPN ሙሜ” TIZI MPA 


ner 4672 = 3964, ን) mai E De, 
AsSime STANE Lore 3 SAFE Ze Arr be STEEL 


pe, Aas AYE 3 See = EN ta) 
' EA & A 


ፊሬ2/ል/ TU 
Zus: Pu aen en am 41.89 B an 
L2 = M0000) - ረ = /2,204 an 

ORIGINAL VEUTICAL DISTANCE FRA COLNE ra €: 
Lau sx ED ,8^5- CD tin 38" tee lee S89) 








8 
ZD- VII pa 
— CREUSE CV VEN t 
[ARTS Ac L E et ETC B? bm) E ON Li 

£ A (Gem "WL, Y 50,27 man”) m ፦ ë e 

-a 7600 an 
Dac 4,52 X10 “ጩ = 5b? maa 
z 

ósc^ EC L2 _ (6990 M ) IZ, Zo. m) NS — 

E A (20255197. n) g0.21 mm?) an” 


$8c2 Te 6l m.m 


od? 


3:8! Force "why sis. መ= 20d g. 
W 24m g= (i200 dg )Ud pom fa)” VE 200s ZAM 
VECTOR TRIAMGE ያ A RIGHT TRIANGLE, FED OL E 


BL = tw SIN 24* Yan )(sza 1507 23, 63M 
Ag =W £05 ënne ALAN) 65 507 22 75AN 


3. 
STRESS ፥ P= /0,0mm, A= TD = 78.5 Y mm” 
pre ሯ ... AL 32,2* KWÈM = 724 > M ba 


— = er 


A ዳ A 7 8.5 Mp © 
ASSUME STANE LIAD, Oq = 54/2 
R EOD Sy- 207 ZOIZVWIANC) = 8S9 pi Pa. 








SPECIFY daer Yo COT pad, SY E 983 MPa ን LYEN ፈርድ 
DEFORMAT AZ Š l 2 


DAN ; £ ¿= BAY | 
da E A i í EA Yh? bazye Kes 


LIZ 6 OMY im 


(paran? ap.) Ta m) ma” 


Epe 9 6.0/§ 2m = Z$ Z anan | 
LI 
PE (&c)Lv (03,63 No? WM 10.46 m) i Le? man) 
EA (209K MI ) (75s omm) pm 
[22* broo mfp aen I e nm] — 


Sec = O.0/$2m = ISLAM 


- 62.25#7/ጋሃ/ረ 2.22ሠኢ3 " Go?anm)” T An P2259 


ሀሼ 


$-82 4151 Y0 ረዐ. Sy F2/s/. Ler 0 70.9 Sy 73.9465 / 2 LA 
L=206 Nt po ITD*. ITÉASISA) ጋ r00 yn? 


# # 
ድ= 26 86 * es = 22«/ሯሪሩ/ 


s= £4 = ET £ (3.8 ksi) (2. 0974.) E 
EA == 


E 3o xo? Ks/ 
SrRAN= ሃሪ = ó, 407 9m p, oo ja 7 Or OOLVG Ze, = € 
ሥ= ታራ A 2(.8 x^? LO Zar *)( 0. 200 su?) 249760 LE =F 
DISTANCE BETWEEN GALE MARS = R gosh ës OOY F IN 











2. 00V 92 m = £ 


PROBLEMS 83-90. foLLUW gsmiLAaN S ët gud PRiCEZURE. 


RESOLTS Sb MMARIO ON FOLLOWING PASE. 

3-91 

— MYLON 66 PLASTIC, TENSILE STLENGIN -Su= B3 77a. 
LEF O= OS Sa= 005083 mPeY= 4/5 MPa 
LA 30mm. A= tiwe (/2. mm bomen) = 200/900 " 
ድ= 2900 Mf6-2 29700 MJ pwan” 


genle i 


eA (SIS mA M Samm) — m 
4. <> = OH mh Denm = A Auer: mm > £ 
£A ra 2900 A Pa. — 


oe Ys M 
STRAIN? € = fg. OUST OY ጋ” ODII mm, n se 


F= Ov = [US NM 200220) 8300 Z= BZOAM-F 
DISTANCE BENJEEN GAGE MARKS= sopT = SV, MÉ nana 


PRIBLEMS 92-99 FDLLW CIMA SOUL UN PROCEDURE, 
RESULTS SUMM ARIZED on FalltoMNE PAGE, 

Notet DATA From TABLE 2-13 FoR PROBLEMS 96-99 REQUIRE 
CON ME ASIVNS AS SADSIN IM Lot ER TABLE an FiLLOWING PAGE. 


JI 


Length n 
Elong. betw. gage Strain 


AISI 5160 OQT 700 

AISI 501 OQT 1000 

C17200 Ber. Copper, hard 

Magnesium AZ63A-T6 

Zinc ZA 12 

Steel ASTM A572 Gr 65 

ADI Grade 4 : f 

Aluminum 5154-H38 35. : ፪ 0.00344 
























Length - 
ል 51089. betw. gage 








Strain 













2900 0.71552 0.01431 
34 17 1720 50.0 200 0.49419 50494 0.00988 3.40 
55 27.5 2830 50.0 200 0.48587 50486 0.00972 5.50 
34 17 690 50.0 200 1.23188 51232 0.02464 3.40 
45 225 7580 500 200 0.14842 50.148 0.00297 4.80 

786 393 27580 500 200 0.71250 50.713 0.01425 78.6 

1379 690 75845 50.0 200 0.45455 50.455 0.00909 137.9 

1917 958 135832 50.0 200 0.35279 50353 0.00706 191.7 

..330960 4 0.08333 50.083 0.00167 — 


Nylon 66, dry* 
ABS, high impact" 

Acetal copolymer* 
Polyurethane elastomer* 
Phenolic" 

Glass/epoxy composite* 
Aramid/epoxy composite* 
Graphite/epoxy, High 5," 
| | Graphite/epoxy, High E" 
From Appendix A20 
From Table 2-13, Chapter 




































-96 to 3-99: Data conversion of units i 
Material S, Su E E 
ksi MPa ksi MPa 


— Problems 3 

No. dO 
3-96 |Glass/epoxy composite 
3-97 |Aramid/epoxy composite 
3-98 |Graphite/epoxy, High 5, 
3-99 |Graphite/epoxy, High E 




















200 1379 11000 75845 
278 1917 19700 135832 
1103 — 48000 330960 
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Stress Concentrations for Direct Axial Stresses 


200 D = 002m , da" 2s; an, A." 3ዐ man J F = ⁄¿ TEE EDERT 
Ddy > Vs = //ሃ / — 2,0/35 20,086; Ke 723 4ዖሪ 22 -/ 
F — — 


oa = 17.8 2; Du ax Ke Das 17 6 = TOA 


a = ——=— D ፌሥ ዕዳ on 
won” ፳ #5/ሃ fr 25) Jy avem 
DU. Dom, dg? 1290, A TOI, F= lo300L8 


Yale? HS LAS 7420; fdg? 012/125 70,00L, Kc" 2,10 AMA AZZ-I1 


F /0 30646 > 
Che P —— ss ^ Ox? Ke ጄኒ, 7 ጮ #ሪ/#2227”፦ Zo /V0 IB] 
Mom ፓ9ዕሃሃ — 8321 95 ) MAX Ke Non (i — — 


3/04. D-20404 dg 0.35iN Az ao Ee /270ረያ- use APA ሪ23-/ 


Bok = 010,35 o LIT T Wg PI se OY, ke?205 


LU —— z /2 990 Sos //2970) *26 £ZS PS; 
Dans © Maji A(OZEYN 1277 Pè LO paye ጩ aaa? (£35) ) 7 


27/05 P= Hd, dq ዴፀመመ , ዲ።ሪ20መመ — 


Be 5 yy? (YA "OIS; Kk 2.05; Thom” A rag 


500 V = = = 
መ” XV 402,7 7, 0, Na? = kyo AIPA SE — 


5-/ፅሃ H=2.50/, agin, A = 623270254, F S/2S00 ፈፀ VIE APP ATBA-B 
M) y= 25% a9 o UMS Z = O12 9 70.5574 Onan 7 Yeh ÉZ 0.4 d01N Ee ግሃ 


Tom? LISE < 60s). Tay = Ki Onin ግራ 806) > 38 IM ASI 
did (0.40 Y 220)” 1788 57) Cans G Onin le 2079 E86) 8 








ም “== 1.06; n 2 ey 0. — ké “LIS; Cin Yaa, 
Opon” SE = 1364 Hs] tax “Ke Cmon ATOU B1) 7234 Me 


GE 
3-46 p 25 mm , VE 22 ma, t= Z, manji” VÀ snm, F = 6ያወያ Use AAA 2275 


#/ = 522 > //7, WA : oa #45, Ke AT Omeg" Leh 








z 6 0 sa; = 
Cha P 103 0 M Paj, Dra? Kt Gon? 067) 03 FIIR PP 


4-7 H=0,801n; A7 06,50 N 76» — sor, €7042 IN, F = /Pa026 USE ACE Ada-3 


Kfp= d Be co = 160; ቆን PONY oy 2 2420, Ke 7176 5 Dam” EL Eh 


= Z80«L6 WA _ _ £ | 
INIM CU Sus OZ ay = ራ Gayan? (26) (32007 528 060475. 
ae C12) 6.50 30 oco £s; ) A dx Ke Orom yi 











2-/o D=S50 ma, dé YO anan, A= bomm , F= Z36kM 7 236 00 A, USE dee A ATA 
Die 297 129; ^4 7 ይ = 0.15 y 165; Ofun” ER 


Onon” OYTIB An. j OZ aye Ké fos” l 61892 302M Fo. 





3-9 ይ =2652 IN, d ELISAN, Jä äu, Fz ሃይ” ሃያ 040L& USE A60A22-2 


Da 2 2 pas 113; Ia T II og = o [43 KL” A L6; Com pdt 


š FASON a > 199860 5 07 py" Kt Gnom? 660799) 33127 057 


Onom 


LUO D*588,4, d*a32in, ቶ።።ው/”, FZBISLE USE APR ADA-a. 
D/S > 0387,52 7 1,14; hha 79 as 70063; Kelh] Oyon? Vad yy 
መ. መዳም eo 66265; Onan? Ke bon? VAN 1863) = BAD 6 Ps; 
BOU! DT 0mm , #=ይዕ man, A 7 0.80 man, F“1609N, USE AP ABAZ. 
Dy = WA 7125; #⁄2 z "Lp 20,063; Ki? 2.005 Ou? Val on 


Gage "EEN 2 Eiere Omar ke liyan A200) (31:82) 7 ሪ3 TM Pa 
Tr (8) 7v an an di 


| 


BUA sar = 2.501, E=6.400N, do T, FA/Y200LB VSE APP M22 - Y 
— _ _ CURVE A 
Yara “222.5 = 6/205 Ke A.0S, Oma? Sur-d de : 


e /200u8 di au 3 zx = t 
Con" Zoe lay 7323 Gè Opa? Ke Groat: 8300973202 92 030 fsi 





$73. ፊሁ= bomm, EZ B8 bò man, d > Jomm, ሮኖ ës hM, USE DAP 22-7, ርመ 


7 - » 
S= 74070667; Ke? Aes; Oron” Da Ais TEES IN 2424/1. 


On ay = Ke Onan = (0S) (Y66)= 833 m Can 


207 ሬታ d'Bunn, t22.0mm, d 28,00mm, F - 22850 M USE APE A-Y, Curve A 
ቋራ = ##ል = 0,77; KeZDAO 5 Cu Dale 22 SIN 


Wa 700 Pa 
Oman? Ke Onon” Aid 090) = 198 MPa 


SUS ur = 0,601n , £= 0.088iN, dZO2SIN, E > Z2S¿6 use APE 2-7, ናመሠሪ 
Z= “Foto 7017; Ke DAN Gi Tord) ee LE 216 de dsi 


@ í ~ li25MAVA8D) 
Ona = KE Orion 7 RAIS 124) > 2420 Ps 





D= 50 man, d 7 A0 mm, FEIRON = 2060 Ai VSE ACE. AI-E; CuRvEA 
d/d = 2%/s0 > 0.40; Key" 505 Gass? an pf AN P 


ICS) SY 
Omar “KE 0Z% a Z (5:0)( 6^1) = 306 MPa 





SHUT ሪ= Avorn, d =6.7ና/# . F=DJASOIB., USE AFP 422-5, CURVE 4. 


d/p = VE = 6.22 s Mp VIS; Egon” Dy ty z 22 Su L 8 SOLE. y 2/62. Fb, 
i ፖሂ2-6) 7 f mv 
Omax = Ke onon = (4-25) (274227 34020 Psi 





53 


3-8 p= n METE EE Sa መሪ 


Onan? Ke Onin = (é. uis yA — 





2142. ዐ=/ጋመሙጫጨ d = 7 2S2aa F= )SobN USE Ar? 422-5 , Convi A 


d/p = 2257 > 0.609; ke=B.O0! NUNT ጪሪ 75004 
20, "Ob; ሮ; = = ——c H 
a < Nom? eat ANL. 66-3 Mta 


Omax 7 Ke Cn? 8.00)(66.3) = 531 MP a 





፦ረ 
fees = ZE AM * 25 000N , REPE ANZA ) MISI 7/70 OQT 11/00 STEEL} Su? 1011 M6. 
LET Cmax? lè = Kë THEN N F ou ay 
; z 
Howe! (¿= %s= 70; c= $0 AMA Gya? 0z MP 


= 2$000A | 5 za z > 

Ohom TOSH ` 50-93 MÉ ` Omax? KE Grom? G.a)(5999)7 25:5 be 
— Š 

// = PÈL» MES . 3 78 Low Shivin ይድ B Foa REPEAT Lomp. 











— Onay 25874 Pi 
FuteT: ይ ። 12/0 2425; ^4 = Yav “0,10; ዶሬ * 79 APA APA. 


E Lu. Z25000M - 
ሠሠ FIN Tv TI MO ae Cua Ke Gua as @722C77-O = 142 eg 
= Sa 2 L014 AJ a E " : 
4፡7 225 Cogo A ፈፅ zong ፀና 8 Foe REPEAT ¿oD 





GP) use ape A222. D" Que; d = banan ,M=Z0.SOman, Boite Ve sep, fese “See 0683 


<<ሂ ፓሪ 95) Ke GZ E - ያጨ . 
Ki LIS Omax? Ke Qua = ^95 TIO 6A./ "MA 


DIAM ዶጽ= Stars 36oooW, USC APR 422-2., D» Baan, d= 75m , ዱ 7 3, anan 


. F 
Vi» 875-7 413; YA = Pos Foot; Ke 7498, Oion ze q 


360064 . 
Omak” Ke Gua Z LIS TAS oa A MO a 


= ALE! DZkO6IN 5 d =O TÉ SUA, Yo = 057 0, So ; kezbl | e AJA-S 


S Y E . WA = 
Dach Ke Oy 7 &./ To. qam — 77) F 


ሮ/ሪሪወ፲/577፤ LET ke=h70; O *77 F= Ke F/A; 
«699 A= KEE. WIE -0,249 m= MIN 


227 ZE 


ZE — peas ^99 ANO — == a 
THE A 7 0.17d = 0.17 00.S278)=0.0901N SPECIFY 








2-124 





Fc 6. 2ሯይ// REPERTEP, CASE B — Feri ሥፆ MATERNAL. 


ጋፍ € Ke Cram P ke E = ke ROS AIME DR SET eh 
ማጅ — w (2/-246.) 


ያን iu a ry Te #ዬ ረ“ 
Omax= Ker Omon = ሪፅ፣/2ሪ 2604) = ያ 
LET Ona = Oa = #4 , Read 2፡.።ያሪሠ2።ያረ3ሯያ#።2]። 296 Ox 
jfeciFY AVVAINUA GBabi-Tb . Sax omba, l? Yoetave. — OR ANY STEEL 





3 


2-425 
| FIGURE P3425 A151 IMIOQT HDD, Sms Bon Pa. Oj = a REPEATED LIAD, 
Onik K€ FIA» Poros? Os A e O2 = /0D0 MPa. 
IUDOLE SECTION! A= (Lose )( € orm) 0L = LIWA mg ps 
APR #22-7. Wy = MA zenn m LED, ሪሬሙፊ#ዕ ides 
asi än e OZ A A Mion man? YU corme) = SBN 
y A Sé 
AT PIS £ APP, A-Y! CURVEB mz Manm dënn, e aging 
Hte? BAS 6 A=W@w-d) b> ሪ፡ — 5X 6) =60 mon” 
Fac ous = S254 2 (100 Wo an) ( Ca naam?) / 767 W = / አኤ) 
ke BAS — ee 
32-26. 


SE SPELIFY MATERIAL. Gg EFSA S = Zenit Shock 
AT HOLE: APP AZ2-5 CuyeA. IDE “22, mon. ke =S; 0 
z > 
4 ሙን = Ge = lanm GROSS MMEA 


l Zei 
, " = Su. ራም = Je E 0 NEN IZAKNN. 
LET Smau = Dè = Gi = ESE | kenn sue RCE. MENM OS 


REOD. Sm= /070 MP a 
AT FILET! pep ቆ22-2. "Vas “2 "Yama? 0067. is IY, 2h47 
Koz 210s A= md'fy = Cmm AI 
REQD, sya 12 Ker /2 2. 0) C2, 6x^* M) -Juga 
A 25V yan x 
STRESS AT Filter Gavenws: መመን! = LEVEN h Pt dée PWCZNIFY 
SPECIFY: USS YI Yo DOT 900. Sa? /ሩ BI Mus /S% EZOnkAnin 


Bearing Stress 
3-/27 





AY WERKIE - on STER PATES Ay? $931" (APP, 4-7) 


45 F, > 2600040 Lis py 25869 PS 
B) sve PLATE Ow CONCRETE: A, *(/2) e MI un 
ሜ = ff = 26000 ëng ar = LA! Pst 
C) CONCRETE PIER on CONCRETE Foorant8 Ag" jg) e SAY n” 
os = “Tay = 26000 LA fzay e ^ 66.2. es; 
D) CoNekErE FOOTING ow SOR? /ኒ=ረ2ሪ) = /2#6 mw? 
Pa = f, > 000 ¿6724 12 2204 Ps/ 


SBS - ሴነ pee ow Foot A, = C2325 = 2.087" )9 ረት 
eic FAs asid APOT mt = Z/87 es Z (App. 4:3) 
— —— > 
b) 2.39 DIM-RouWO PLAE + f.22.398 Ésta n 


6; = 5. EIDA yg sae = 530 Ps / 


34 








27/21 ፊን Beer HEAD OM WASHER: ሳን * Anoe “ለኔ (See ዳያ di) 


ፊኔ = ^ 966025)" ROSEY SZ = 0.239 m” 
eis FZ, = MEL J9,299 7 /6 70 PS/ 

b) WASHER ow woon: Ay» E (2787-0562) =ሪ 232 
Oi Di, 3857557, 195, * = 2//መ/ 


3 -/2$0 





DATA FRoM PROB. /-692 = 8000L8, L* 2. 2225, Ae Alen 
e “A, = — (2.25)(0.32572 ) n" = /8 163 Psi 
ZP! DATA FROM l'un. 1-65! ሥ። 20 000 LB, Fg Duer 
ዉን Fw/rvss Ay? lp (0-9) (0-50) 1.26 ዓሪ ይያ) = 0./89S w2 
a= h,= 20000 L /8255 wè s LOL 200 PSÍ (VERY HIGH) 
b) ርሪረ fuga t A, = BA Fenes 0.918 )=0.626 w> 
= Z = 2000s” 2 A280 Pf 
3~/32 





FRom FIG. PI-70 3 Ay = 2 (ANE) = 2 (a IS) = 360 Awan ” 
= Lä. s 10:2 */0 A to ma" z28.,J/ffa. 


— FRom FIG, P1-7) f 
Q ON MIDDLE PART: As 2 dt, “QMI2)H015)=36O anan 
3 
Gz “A, > ሪይኔ ።/ዕ A to mani z 28.3 Mhe 


Al ow OUTER PARTS: Aya dë = (/)//2) = Y80 man" 
= Ta Ee nat ZE, 


ZÉ Fç. 3-124: A, (YO + £C END = 99.3 anan" 
EP = SEN faz a © TA 


BIBS wa QO AN m ክዓር 2 ISRN ow rwo LEGSSZZ SAN on ENN LEG 
a) Svea Pure; Og = 22. ENN = > DEA 
(blomm) —DT((Eo.z- 22) 
Tos = OG Sy ° Ó,g(2y22%06.) = 223 MAN ot 
b) rof or CONCRETE : As 4 CO20m\® 0.080 m (reo teas) 


Op SX). 0,563 men 
0.08 an 


Fok A36 5782.3 


(co UTINJED) 


BIZNIS (onnaverv) 





ÉONCEETE t 2000 f$/ SA OKSI —— 5 3.79 Afe” £,' 
ጋች 2-6) — dj» o. 34 fe] AA, = 6.34 ሪዳ oom 9, O8 PA OK 
ርን ያ = AS A = 
osde ! x/o). e e 
Sr (.8)(Z.S) 48 zé ካሃ 


OW ወጥጣ GRAVEL ën Mo. Ok (rbe 3-1) 





-/ቋ' 
EX ew Sorr Kock i. due fon, = ሃያ N ps (TABLE 3-7) 
Redo. A= P. 1601009 — ወ,337 29: ER 
Oi)  $30X/0? N /an+ 
REDD. S/OE DIMENSIodi SE 2:59) A 
2-/37. 
ረረ Es € -13)(ov3di)= 66-53 )ous3 J3-99(/50) = 33. ides 
S (EQ. 3-23) 
<=. lan (6-8) fo,aNzooA1.0)= YLS eier 
3-/39 


ፅን Re. =(26-13)(0.03X 5:0) 8.00)? 27,6 kirs 
b) Rae @ LE 5,00 paq) = 39.6 10S 


Rel Pons oV የር Map b o gs =/p 000/¥ 22500 L8 
A, = 1.51 par? (TABLE A-4 2x2x'w) 
PEE L = 2656 psi 
Z4,= P As] 27 MEG ES 
REoo Ay = CH rees Yoo = €25,47 USE SQUARE PLATE 
SIDE = YA, -)6-2s 7, * = ZISO/N 
JAJI 





ALLoWwAALE REACTION = Ro Fkom €£Q.3-23, 
Kos ሪ/-።ጋ (o.02)(4Y.L) 
Sy= Ze ፊሪ/ 


d = 2(200m)U^0/u/ 2529 ana) * AE ሟያ AM, 
L = (Soma )ሪሪሪ IM A5; Piston ) Š S-U ws, 


U.S. CufTon Y UNITS 


Raz 60 (0.02)/5:2:)65:2/)9 642 ties 


ka = [642 KUSI (4.498 Awr ya 28 SAN 
OK- USING EQ 3°24 FodStosirs 


ade 2A > 2ZlC200mm)= YO0 An an "md AS riti 
S ke ZLB mE 


Ra = 8-90 )G. ox/o DC Yoo)(/s0) = 284 RN 


- F 
ZM Fin 22 Dn 28 AOU epe? UZS Ri Awa A= LI n? 
O+ = 7)25 M F/ ) VINX = YIYB ሥቶ “Ou 

3-143 E ( è I 
መ LONCkETE Floor. fe > ያጋሪዕሪጋ“ » Opp = 039 So. Afa, 
BUT Dj maji OB f$, Bechvse Arfa, 774%. Fp MEM 
Ohd = 0, 68 (3000 )= LOW pai = ሠሪን . eran Hoo Wouy 
ተ ሥመ PSS e TI 

TEIAN&UUA. ANGA + A= 1002007 4,50, ” | 

WZ FAD To Bo TTim Oe CAA LEG. 
— Ab z G,S0 (ZA) = 26.25 IN*, Fp= Ow fb o Dbd = S520 

Zi = E ZZ) 26,251”) = JII LML — FL AU ow ABLE 

345 


— 
cF 


VAN Scu. do መፓ Ap? BPG jn Ya Ola" 0.08 f; ON LANGE Ftoar. 
Oba = 068 (Yopa) = 2120 poi 


ዶሬ * Ozi Ayo [ZOM] (Ha) = 663% MI Fp At ABLE 








DIM. DATA resm géng 2-115 Opd 72720 pas = “Ya, i 
Fy = #/#፡33 M)= 86910 ሪራ — M 
REQD, Aye Fb/gz, =_ 86330 ያ Lapin? | 
2720 Afr" 
TRY SQUARE MARE! Ans bi 


6.0 
D = A bug = Bon vid? ki 2.5; ሪጋሪሎ 


USE bebomn SQOVALE PLATE: 


Direct Shear Stress 





ኃ-//? 7= Ffas? Elam May LET VE Ti 2 bODOPS/ 
1 2 a 2400048 = 
898 4" 777970777777 ` Allan 
3-48 





Z "OS Syf à AOS $65 nt yu “YIN tha 
7= P. e Yarrow) 


Aie © PH “YUN ABA Ja? Ay 
mw wy — 


— 


2:41 FROM ftot, 17598 Fe 23695 ws = (51 bd. ON Pih 
Se ys Sy e 0. ሃሽ 
LET Ts Ye “ው ASI fe. `e REQD. $, ቋፖ-#ሠ 24208 a Pa, 


POSSIOLE rem. 1 /4/7/#/፻0 OOT 100,.5,- 1162 mn teen, 


3-150 Asano AEE hGoM D ann Ve $03 mant 
Pe Sus 8 082 Su OGZO/YAMAN? IAMA z YIN danaa 
t, P s< 
Kedo. F = FAs “ZOLI o Sara `= IBSAN 


21S) “e Sus © MSME- GIVEN IM APP. AN 
Peon. F = T'As= «455. , Sü3 Y= IAN 
Aaa 


LEA 18 Sus Z 0:90 Sa = 040(33/0A)  2IB ሣሙ. Co PPE. 
Een F = 7 4, ። 200A, 563 mann LADAN 
an 


252 ያ=5:,, È 0.82 ና = 0.82 ( b2/ mA 25 509 mf 
Reo’, FE PAg: SIN , S0Zananè= 25b AN 
ተተ ው “ተ. 


3151 £= As š LET PF Sas Š 0,82 Suz 0.8217 HRONA 
: A, = [£s 4 igi [wan] =#%., U 
E (30A omm" VYA anm?) 2/95 KM 


— ———— — 





E ሥዶ። TAS 5 LET T X, = /#ks; (Feon MA ዱ/8ል) 
As= LIV mè (See Alos. 1-62) 
F = (44 000 te/n® VIVI) © 18 300 L 
2456 Aen ልና/4)/%ፀ.ህ) = IDS mY 
T: — L800 LG _ e /ሠ esr (UNSAFE) 


As JS AA * 
MAKIMUA ALLOWABLE SHEAR STRESS LISTIN TABLE ASI Ar ISESI 





BBD Ee 7ኃዳ4 2 kar Tous ። 0:82 5m = 0,82097000M52 19 SWEN 
F = TAs = (VISYON VNOsta 0.108 w) = 62 650 LG 
2-58 LET ም"= Say = 0,8 (5n)=O2)ZE3 oco Psi) = US 6640 #s/ 
F * 74 s (2/5 bloléfy)(7.s-0.10s)m' = /69 Boo Lé 
22/21 kar T= Š Z 0,82 S, = ሪ.ያ2ሪ/፳ኖዕህወ/) = /57 700 45 / 
F = T*A, «(45 700 16 Jy» W 2s +0.105) n^ 19.500 L6 


Aën 034000 BRASSSLET VE Smi E 0,9 (JO 000 Ps!) = 62000 A; 
F= FA: «(63000 ፲ይሬሁሦ )2 sav) = 





44600 ፈፅ 


3-64 Arum, 5757-432; LET T= Sus = /S2 005i 
F= PAs (452 coo rek |25:0.708)w= 49 200 LE 
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2E /, ይይ Fz? 
Ey 20 °F, taw Bò) AF ai VI) 
t A ae pr 70) Fa ca m Yes) 
0'*/65,$- 22.89€ Pa 
fe 5223 AW 
Zs FIN, Resviranr F ou PIN 
Rp= Fix tx) T (fiy የጸጋ) ፥ 
Re dio 2A) + (4 AAT 


Re= /0.2 An 





5. DESIGN Spent STRESS 5 15 = YE Ye ei LOU Ala = IS MAL 


A Sein A. = = E - MOFTARN = 2 
t 65 ux jant” OS anor” sg 


& Seen ሀ= LU EE = /0,Z2n2n 
m | GE | $/,70*22504)-8, 0. 
A By = 48125 ha 
| ; d — £ A Ay “By~ F “20. 625 kil 
4 ersin LE De ሪ፡፡ዱሃ 


A N 
ld En” ይሠ 25,24 | 
vein I M 
26. Az Ax tAy z V 9$; 
PT 2 ድፈ AAA) = dd men C= G=sushy 


Ey. Ai £EOb. As — 32.98222 a 29] man", mod 
D — NON anan" "IP ze 


Rea’, D, eV zin = y 2(29W/ 7 = LIB m 


Pous B aao Qt KEO'D. As = ZE AN SANN = SM otan “e IT ፀረ 
MON aa” 7 si 2 


REOD. De > D. - (24:7 =YZG97; = L17 man 


2484 FokCer ow Jomis Fovwb FROM PKoSLE^M ሥሪ/. 


Jor A: fè SAD=AO.SAN © him ር 
Jowr Bi Fo = ኘገ/ዕ.2" + 906» /3. a du “Jojwr D 
OG LET › OS WIW) 185,3 men 
2 





eeob. der OLIN, 222መል” ዘይ” 
Ty 66:3 U/ mv SECH y 


D = VYA /ጽ 22-7 Ma Fo Jomri A dvo €. 


Pe Q'b, As D £ * ፈኛ LIK ai n — JELI anan” 
36.3 Nan” 
D =¥ * An * MAS anm fol Jan BAD, 




















ACS” 
< === Wa $3 esa 2b’ 76. ያሩ 
ን =0 = Z8ol 16.8) -Fa (6) 
fi © 218Y 16 





ZA, — -Ay (6) 
ረኔ 296 Le 


SHEAR STRESS On AXLE? 
7: kw = ZIWIB 26275 Bi /ዶ#ዜድዴ e 
As 2(Mlo s UM? Ts wy DovBLE SHEAR 








ZE po TiA « Sas, ñuvas, 3003-HI7. Sas Te, 

A SE É, £= ^ Yo ee 

P= 2a) eet ፉ3/ፓረ#ን/ +2L2¿m KT] 7358 mm 

A= F.€s(5sa)(p o) 2 Sozmant 

d zu ‘A= EN fan x Lenz a) YAAN TI 
ZIEL  //ጎዶቶረዮ፡ fy. 40681 m A riz 7500 Bi 

Age 270% = moa 

y = E x S00L6 = A, š ኑሬ 5 

£tGb. As = fa; DTI 008670 ke TOS 

REOD. Dey Zis. di 200.0662 e OLOSIN! #/ፎ/ዖሃ DS 0.2501N. 
3-168 


3-169 








2-/7ዐ 





ANN F= 


pr 
Fx 


ise, OW EAH Bor: FS AS Ti o DUI LAD T63 La 
TORQUE = F “242/* PELE., IBUT , YISWA 22,6540. LBM 


CoMPUTE FORCE RE degen Za PUNCH ovt THE SHACE Ji 
FIGULE — TE A C LEP T= Sus 

#4/5/ 1020 C», = 7545 , = 0,82 Sa = Q.42(75)7 GI xps) 
A= SHEAR p = PERIN CTER x MUKNESS =g2 E D, DSIN 


P= 4othoez.o YTE r 0,@ f ZCLSVE = ፊ.7ዐ In 
A= pos 6.70) 0.0957 0, 564 ሆዴ 


PE Ze AE YA W Zoo, se?) 35 010 4L =F 


Ess Zeta e, ሪሪሪ/-ሦፖሃሠ, Sas = 2¢KS/ -APE ሪ -//ያ, E uN 
Pa V(L2US)T-RSD C MOI = 8.86 4*2 4።ሥ፥።፥።።፡ያያሪሥ 
Fz Sus AF ሪሃ/”.ደሪፊ”ን/ O86 url ZiZ ¿o U =F 
Awa. 2662“/7ያ — 
TAS Sur A e Sms=MOMPAa oman 
30 + bo + fzo*+ 40” + Va PIO” = /7 mm e #=.ኃ27. ዎመ” 
Sms A= (10 fan yt 527.9 man?) = 5B.06.8M =F 


40 


3-172. 








3-174 





3-175 








EFTA Sms. AtSIfiYo cO . Sat 669 Ala -oms T ,B2ZSAZ SIGH fa. 
A= p'tet= omm. p= 5b + Jo + £20) ሦ IT L20) fa, = /57, 200m 
Az MEANE bomm) EM 2. man", FESYIM LA Lamas IZZAN 
mE Anan 
ሥ= £ A= fnt. M351 1086 ORT ፃጩ . Sac /23Y m Pa 


Sms = 0.482 Zus 0.821 ያ//ጋፖሃ“ ፈጋ = LMP a. 
deet, E= ifomm, P= Lor AVIS HIST FALE N (0) > 129 m 


A= (37mm) 0,30pam) =/09.b መመን F shor Yona fy kit mad) 
£= 5,8 AN 


“= ZA E Sus A -Alim SISY-A38. Sms = 19374. 
B= PE, EF Z denen, , Pg ype gg? LIAB ZCO) = 356 mm 
ይፊሠፎ = TrC I8) + 2[ 20/5) + 2470 ) = 97.7 anan 
TOT P= Po tfi = 5203 Jmm. A= ሥ -t= 522,4 Y 2.0) =/b06 mm 
Fert = [IBN] ,,)/ 006mm) = Hz =F 


DATA From FRB. 2-179 
FIRST STEE ዶ = Orysipe* Ina . A= PEU II NDO 7 299, 2 nam 
R= Sas: AS ÓI M) 2952) መ ጽፊያዳያ HF 
EN? STEP! Z= kouvsipa = Eb mm . Ar =(356N2,0)= W/L anm» 
Fz SASCAA =(193 Yon Mt aaa) = A132. SIN = Fa Z ANS WEL 


4i 


Problems with More Than One Kind of 
Direct Stress and Design Problems 


5176 T= S000LB-iN3 FORCE ON SIDE OE KEY =F = T/g = 8000/44215 “VTIVI La. 
SHEAR: Ze Flage At 


Lèt Pe fie Si s Ge oases). /ሪ oer 


eat EL. = LIAB .............= DESIN 
b 74 Lë Stone nt fa”) "ፔፔ: 


BEARING: ge E. 
RE "A Y 
Let 077 a; duc ንና አሃ ሪን 600 esr 


; 22,309 JA, 
6665. L" Ge ee 


SWEAR! Two Zut, ECH IN DOUBLE SHEAR, As 4(P0/5] o pp? 
T= Al ዲደ Sy» nc Lone, T= f; < O- 5354 s 1818149) . 20500 ps; 
REOD. As= Yh, e 12000 1/0 s00 tajwa = 2.0/4 IN = fe pè 


REOD. o “JZ; s TS. 07.25; = 9.8 08 Z. 
SPEIFY D =Z sa, 


Chete BEARING? dha =0.q)(sy)=o0,0(8Loa es;)= 73 800057 


4s * 4^ SAS 
Pap 


3-177 





TRES — s * EECH 
i ID (ay IPSA ZION) E — 





` FoKce = WAN = NAS AN [LOA] 2 gar) 
A) TENSION IM MEABER Í AT PIN HOLES? — 
= 2[&0-/209)] = 227 man" 
T Zen, ፓ=ቋፃ.3##6. 790 HIGH » 
FOR &OE/-TV! ረሀ « 5y/S = /YSMA/22 72. Poo. (4-18) 
L BEARING AT THE PIN MEMBER I 


= P e 20440 Za A y? 
% As ዕ2)//#)/23 Ma? — 


FOR £06!-7V; Oga 20.65 Sy 0. 6S (UVS MIA) S. ##ይ#ዱ Ok 


C) BeAkwG AT TWE Pru — MEMBAREZ 
ኃ T. N s 83 AA 
— ZO MANY T 4 








Da = 0/65 Sy * Ə 6SCZIWAAN= SEF NO Ok. 
d) PIN IN BEARING: -mEMÉER 5 ~ea. 3-/2 ) 
Op ao #3ሥራ AT member 2 


FOR ZOIY-T6; Ay "OS Sy Ah 6S 0/9 p) = 2697. OL, 
EI AN IN SHEAR - DOVELE SHEAR 


pa Ma GON e 226 mm” 
= Z, = ያዕ V/226 ana” ^ 68.V MA 
FOR 20H-T6, TOP QS St = ASCYANA) Aa, On 


YA 





5.» — 
re Yas? ler TEG Ars 25፡4. 082090 GN si 


JELIK OFF Ze ር m 
A = jr. = 4 48 * 2 ' 25 
Atiow 34 TID LA. 271 00,6240 ^ ይፖረዐ LE 
b) gas: aze Va, LET $= Gs 70.9 Sy 096235 B.BKSI 
ቁ * di Ms 1360048. MAIYAX ID 22 ZG | 
5ኛ. ሞሑ-ሓቁያ LET r= ጭችዱ-፡ኝም፡፡. ሠ 
Ay = (7.50 = 0.63) (2(0.38=0. bete > 
ke FRom APR A-ZL-4 tvave B; Oy?” EY, o 025 KBI 
lawon” di Ae s zzs LEMA 0.66/ WP) = 2932 L8 
Ke 2.83 ብረ 18 
2780 
=  F/&.P3-100 RIVETED PLATES. ASSUME STATIC Costo | 
bb &/-T & PLATES: Sy “#8ዶሥ/ SAZYISKSJ /2 Yo ELONGATION 
26/#-ፖ/ RIVETS: Sus = BBRSI , Sy7 f2 ሪ/ 
6) SHEPA OF RIVES T, = 5244, = $8 5), = Qro Vas 


As= ZC ፖረ asin PE ) = pZDPIMi= TWO CROSS SECTI OAS 
ሥ= 72:⁄4, = (eo Ye?" 3736 Li. 
2A T 


A) TENSILE- STRESS ON PLATE Y ረሸ = “ሄሪ = PL = [3:3 ksi 


ሪፓ= a. A= Bon -2tos»n] GISAN = BIS” 
[sce S sa (3 33344. Jarm} 70056 AL. 
p oe 
C) BEARIN G ArRiveTs/Hoies 5 Cp = f, መመ I OF Sy 
Oba = 6650 Y0/514) = 26 KSI ON PLATE 
Ab HD) (6) - (0,50 320002) = 0, 37 7, - Pts TEND AREA 
£= Ojo -És Dov kt Je 0,328 vele 3750 Mb 
IN? — — 
SHEAR. STRESS GOVERMS ! Fattas” 3730 Ll- 


LA 
I 
o 
— 


| 


DATA FROM PROBLEM 3-180 ; UE FIGURE P3-IBI 
AD) SHEA oF RIVETSS 72= JWA ye == FAS 
Ae = Ze IHA323) Hp) = O, ያ3/7ሪ/* 
F= Ta -As > (sto Mf ) (233154) = 3778 2. 
b) TEN SHE STRESS J FLATE! OF=13 333 ps; = ሪጋ 
4713.0-2£032:) |/ 4375) = 0,703 eu” 
F= 01:4 (12, 333U pi) ይ 703,4 YE J325 £ 
C) BERING ፤ (¿a= 26 ovo Mk / m” Ou PLATE 
Ape 2Í 04) [mao e322] = p,Y22 /ፊ* 
F= Oba: A, (26 oo lk fye X. orere?) = 14969 M 


PAGE Adde da 
S #ፎኃጦ STRESS GOVERNS i Po r ILB ML 


YE 


3-2 DATA From P£oQLem 2-180. 
ል.) Sheva de Rivets! Pa oo typ = Sas 
As = VEKlOSISY/Y)= ሬሃኛ/ቋ aan 
JE Os fs M 0.99/8,«7) = 1/47 4L 
b) TENSION ONPLATE ! 0392/3 333 ep, == YA 
A = [3.6 - 2ሪሠጋጋ27ጋ2።ፓ = OYN? 
E= Oa A> Ë 332 4 )/ታ BW ws) = Z zso AL. 
C) BEARING Ar Rivets! 
ON PLATES! O44 = 0 GSLYOLSI)E 26125) 
2, = 2lOOREVYL 6.2252(22 = 0.375 u t 
= Orns Pro = Cb ooo pyr) (0.375047) = DAM 
ON KMETSS Opy =.ወሬድሪ 2487) = 27,3458) 
Apz 266:3730€6,375) = 0,24 /w - 


Fp = (27300 Anel A ZA/IN2) 274284 
SHEAR OF BLVETS CrOVERNS ፡ EnirosT VA 





2182. RELENTD FORCE: zZ ም ገ መሪ CRET HOS 
TEN a tnt LINK ቶያ G= um IIT 18.3965 / 


pre Bel p= ሪ፪ fwen = BITE up) osten 
NEF st Z. 6o 
APP 422 -97,Ccuteve&i d, WID y TO n Ke = 2,60 
FoLLow = 6626 Ll PASI MY Qr 1160 
Siena STRESI IN ONI Ta = “a= 777 = /ች./2ር።5/ 
7- -F DEAS As (1252) fa [70234] = 97/3/44 


£ 


BEAQING STRESS AT PIN 5 Tig 20.90 Sy 70. VY Quo) = P? 347 


A^, (asm gsr)” ሬይ 9323 7 
ጨ”፦ blayi dia A= (07304, p) (603281) = 8/0134 
ፖ፣ይ//5/ዕል/ IN LINK GOVERNS 5 Fation = ëe ZE LL 


ay 
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FORLES IN MEMBERS! AB= Z¥E5 ¿£ (r) , Ace 4908526 (e) 
Baz IZISLB (T), BD= /2ዐፀፈፀ/ያኛን , CEE ¿spa €), 

LDE 75048 G), Dës 9#/ረፀ/ፖጋ. 

SUPPORT Forcast Ay* LEVE k, yE 269018 ቶ , ይ፦። ,/ሪረሪ <— 


MATERIAL 1 ASTI ABG STKUCTVAM. STEE; Sy = 26 X 
MASSUME STATIE Loao 


- OF = YA 2 des 
«66/9 ALEA! ይ, = Vay 59ህ#ፅፈፎ Love Theat 
MEMB or. F A) 72 Aan “መሪ #7 b^ D LU ro 
AB Z⁄⁄£ /# 9/37 BEEN WE AA 
BC 18225 /ያ 0.0764 “Ib 3/2 78-6 
80 /200 78 0.0667 «LEZ 129 #ታ/ሪ 
DE 24 /8 0.05 39 EEN) ,Zé/ Pen 
ALTEXVMATVE DESILES f 


Sovate koo: ቆ፦ሪ 75 buw= YA EN 


Rovio Roo ፥ AF” WEE Dun VIWA —— 
THREADED Kop t 





Let A paj < TENSILE STRESS AREA Or Zeche 
FRim APC A 2, CoAa se TRENOS 
Fok THREKOCED Loo 2. ATTACH: TO CLEAS AT EACH ENG, DEXL6N 
PIN FER CLEV/S FER SAFE SHEH STRESS. 
AT Bi FIN JOINT ATTACK 7 FRAME 
AT Ri PROVE ROWER. OW ሪሪህ THAT BEANS ይ FRAN. 
AT ር ANB ድረ PROVIDE AN Apoiain be CARAS FLOM e ICH 
To ATTACH LOAOS. 
NOTE! Con PRESS ORM MEMBERS J> BE DEX/a AG bs IN 
COL ሀመ// BUCKLING ab wiet, SEE CRA RE A 
$785 “ረ. IN MEMES | 
Ab= 1689N TF) ያፎ>=ልዕ 
= YH (T) DE ZIUN(C) 
ED“ 2€92^ (C) Bc = 7saw(r) 
SUP Poa” ዶፀደረይያ፣ 


BFE DRY Wir) CEE 1099/9) 


CEE ëng Arel FBF san le} 
EF = 23oo^ €) 


Ay= Hoon t , Ag? YEBI Ar m, Dy? YY BAN m 
PESOS Could BE SIAL AR Te ሥፎሪሪያረፊድቋ 2- 184 
FORLE ARE GENERALLY SMALLER. SMALL ARGI MAY ያድ DIED 


FOR TEN S/tee MEMBERS, Com CRESS (EG SAEMESRS MISE BE 
DESCENQ@0 Foc. ያ፡ርያፈሪሃኗ . SEE CHI Werk. ሥ/ 
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ያ-/ጩ ደ : 

ORCE ANALY SIS; 
USING FBO OF ENTIRE STRUCTURE ! “ተ”- 
ZA c =o =ሪ#ፅሥ/ረሪሪያሥ) -B (.?0) 

Byz ዐ«ሃ/ሪ#ሪፅ = 68.0 AN 1 
Z Fy=o = 2ሃ.ዐ ፉሪል ዕ — Cy 






cy 2 4/02 Kv ት Z2Y.ORN 
ABIS A Two -E ፅፈረፀ MEMEO 
Aby=By = 68.0 MN = ዳይ ረርዐ፤32ሪም0 


46⁄ = é 227237 ያ 78.2.5 M TEM fto 


FBO -ENTRE 
STRUCTURE 





ABx= AB 28 2ያ'= DIZAN L- 2ያሀደኗፎ ou PNG Ex 
>fAér 22. TAN x | 
By > Abr ep By 
ZF, >o = Bike 


Bex Ey = 222.8” 
FORCE ou ONC =|/Cx ” ty. 28 foz 222 ”“/65- = 105.6 ai 


FED oc Boom) 

Erte =o = Gro ta) (136m)-AaY (Aves) 
AEy," 629 e 7 72,250 
LE? AE fk paz 7 OBAN የሪዘ5 ION 


AE y= AE Cos Z2. ያ" = /o2.2 Jt 
FBP 6 F Bong 
£fy =o > AEX — Fir — 


Fx 48 => 42,2 2 
SMe =0 = (Zo ጋ 7375) — ዴ፡ሪሪ 252 
Fy = CM 2257 pg = e ISAM 
FoR ceaw PIN F = | Fy PINE = / Fy 'ሪራ ፓሪ Ae Ze gas” a = መሠሥ 
PIN At 
Ay=A@y tby Oe. B)cos 22^ 37 2, 2)cos 2.8" 4 
Ay = ILISH £8.0 = floa Í I 
Ax= Abr- AEA = 75 E SN 2ng redeem  ዳይ፦//ሪ#ቓ“” 



















Ay- 5 Ade 73-24 
SUMMARY OF RESULTS: Ito qot 
GE ka a mo A Š 
a) Fokce z< í = //0, l 272 
ces IN WIRES i AE= 4/1, 8h W , AEZIZZAN ሻ።ይፃጩ 
€) SHEARING Foece IN EACH PIN? mee 
PINAL ዴ “ያ 2#9 t MWA” = ያያያሃይ፥ L022 ka 
PNF! <j z £ 
Pc: Foz Jano + — VERTICAL 
c Z? Z 202 105: .ፌቆ#ሆ — — 
PIME! = AEZ Lo5/N 
PIND: YE >= 3⁄0 bA? E 
LWEXT PARE ሥሪያ PARTS b, 4 €. ] 
Cy=li2-ka 


ያ-/ሯ (Cont rz av ED) 
b) DESLGN be Roos! AE= At. ያፈ , AC? 73 ZAN, HIOKATE Shock. 
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CHAPTER 5 Shearing Forces and Bending Moments in Beams 
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CHAPTER 6  Centroids and Moments of Inertia of Areas 


Notes concerning the format of solutions for Chapter 6 problems: 


Problem solutions for the moments of inertia of the shapes shown in Figures P6-1 
through P6-48 are shown in the tabular format recommended in Section 6-6, 


Calculations were completed using a spreadsheet. 


The requested result includes the vertical Y distance to the centroidal axis from 
the reference axís and the moment of inertia / of the composite shape relative to 
the horizontal centroidal axis. 


In most problems, the reference axis for computing the location of the horizontal 
centroidal axis was taken as the base of the section. Exceptions are noted on the 
top or bottom lines of the solution. For example, in Figure P6-17 the reference 
axis is at the axis of symmetry at the mid-height of the shape, found by inspection. 


The left-most column of the solution gives a brief description of the part of the 


composite shape being analyzed. 


For some shapes, internal parts removed from the outer shape are shown to be 
negative. 


For composite shapes having parts that are commercially available structural 
shapes, pipes, or tubes, or wood beams, reference should be made to the 
Appendix tables for pertinent data. 


FIGURE P6-1 
Part 
1-Vertical 
2-Horizontal 
Total area = 
Y= 


FIGURE P6-2 
Part 
1-Total 6x8 
2-Void 5x6 
Total area = 
Y= 


Units: 
Area 
0.5000 
0.3125 
0.8125 
0.6635 


Units: 
Area 
48.00 
-30.00 
18.00 
4.00 


FIGURE P6-3 Units: 


Part 
1-Total 6x8 
2-Void 4x6 

Total area = 
Y- 


FIGURE P6-4 
Part 
1-Vertical 
2-Horizontal 
Total area = 
Y= 


FIGURE P6-5 
Part 
1-Vertical 
2-Horiz-bot 
3-Horiz-top 
Total area = 
Y= 


Area 
48.00 
-24.00 
24.00 
4.00 


Units: 
Area 
5000 
4375 
9375 
152.50 


Units: 
Area 
250 
100 
200 
550 
35.00 


Inches 
y 
1.0000 
0.1250 
Sum Ay= 
in 


Inches 
y 
4.00 
4.00 
Sum Ay= 


100 

213 
Sum Ay= 
mm 


mm 
y 
30.0 
2.5 
57.5 
Sum Ay= 
mm 


NOTE: Reference axis is base of the shape 


Ay 
0.5000 
0.0391 
0.5391 


NOTE: 6x8 rectangle with 5x6 rectangle removed 


Ay 
192.00 
-120.00 
72.00 


lc d 
0.16670 0.3365 
0.00163 0.5384 


lc d 
256.00 0.00 
-90.00 0.00 


Ad^2 
0.0566 
0.0906 

Total 1 = 


Ad^2 
0.00 
0.00 

Total | = 


NOTE: Reference axis is base of the shape 


NOTE: 6x8 rectangle with 4x6 rectangle removed 


Ay 
192.00 
-96.00 

96.00 


Ic d 
256.00 0.00 
-72.00 0.00 


Ad*2 
0.00 
0.00 

Total l= 


NOTE: Reference axis is base of the shape 


NOTE: Reference axis is base of the shape 


Ay 
5.000E+05 


1.430E+06 


1.667E+07 
9.297E+05 2.279E+05 


lc d 
52.50 
60.00 


Ad^2 
1.38E*07 
1.58E+07 

Total | = 


NOTE: Reference axis is base ot the shape 


Ay 
7.500E+03 
2.500E+02 
1.150E+04 
1.925E+04 


le d 
5.208E+04 5.00 
2.080E+02 32.50 
4.170E+02 22.50 


Ad^2 
6.25E+03 
1.06E+05 
1.01E+05 

Total 1 = 


lc+Ad'2 
0.2233 
0.0922 
0.3156 


IctAd^2 
256.00 
-90.00 
166.00 


IcrAd^2 
256.00 
-72.00 
184.00 


IctAd^2 

3.04E+07 
1.60E+07 
4.64E+07 


IctAd*2 

5.83E+04 
1.06E+05 
1.02E+05 
2.66E+05 


in^4 


in^4 


in^4 


mm^4 


mm^4 


FIGURE P6-6 Units: 


Part Area 
1-Ver-20X30 600 
2-Hor-20X10 200 

Total area = 800 
Y= 12.50 
FIGURE P6-7 Units: 

Part Area 
1-Ver-5X40 200 
2-Horiz-bot 75 
3-Horiz-top : 75 

Total area = 350 
Y= 20.00 
FIGURE P6-8 Units: 

Part Area 
1-Ver-5X40 200 
2-Ver-5x40 200 
3-Hor-30x5 150 

Total area = 550 
Y= 20.00 
FIGURE P6-9 units: 

Part Area 
1-Ver-5X30 150 
2-Horiz-bot 200 
3-Horiz-top 200 

Total area = 550 
Y= 20.00 
. FIGURE P6-10 units: 

Part Area 
1-Ver-5X50 250 
2-Horiz-bot 140 
3-Horiz-top 140 

Total area = 530 
Y= 30.00 


NOTE: Both vertical rectangles (10x30) combined 


Ay 
9.000E+03 
1.000E+03 
1.000E+04 


le 
4.500E+04 
1.667E+03 


d Ad^2 
2.50 3.75E+03 
7.50  1.19E404 

Total | = 


NOTE: Reference axis is base of the shape 


lc+Ad'2 

4.88E+04 
1.295+04 
6.17ፎ+04 


NOTE: Entire vertical stem; 2 horiz. flanges each 5x15 


Ay 
4.000E+03 
1.875E+02 
2.812E+03 
7.000E+03 


ic 
2.667E+04 
1.562E+02 
1.562E+02 


d Ad^2 
0.00 0E+00 
17.50 2.30E+04 
17.50 2.30E+04 
Total | = 


NOTE: Reference axis is base of the shape 


NOTE: Reference axis is base of the shape 


Ay 
4.000E+03 
4.000E+03 
3.000E+03 
1.100E+04 


Ic 
2.667E+04 
2.667E+04 
3.125E+02 


d Ad^2 
0.00 0E+00 
0.00 0E+00 
0.00 0E+00 

Total | = 


NOTE: Reference axis is base of the shape 


Ay 
3.000E+03 
5.000E+02 
7.500E+03 
1.100E+04 


Ic 
1.125E+04 
4.167E+02 
4.167E+02 


d Ad^2 
0.00 0E+00 
17.50 6.12ፎ+04 
17.50 6.12ፎ+04 
Total 1 = 


NOTE: Reference axis is base of the shape 


Ay 
7.500E+03 
3.500E+02 
8.050E+03 
1.590E+04 


le 
5.208E+04 
2.917E+02 
2.917E+02 


d Ad^2 
0.00 0E+00 
27.50 1.06E+05 
27.50 1.06E+05 
Total | = 


Ic*Ad^2 
2.67E*04 
2.31E+04 
2.31E+04 
7.29E+04 


lc+Ad'2 

2.67E+04 
2.67E+04 
3.12E+02 
5.36E+04 


IctAd^2 

1.12ፎ+04 
6.17ፎ+04 
6.17E+04 
1.35E+05 


Ic+Ad*2 

5.21E+04 
1.06E+05 
1.06E+05 
2.64E+05 


mm^4 


mm^4 


mm^4 


mm^4 


mm^4 


48 


FIGURE P6-11 Units: 
Part Area 

1-Ver-10X45 450 

2-Hor-5x30 150 

3-Hor-5x25 125 

Total area = 725 

Y= 21.81 


FIGURE P6-12 Units: 


Part Area 
1-Ver-16X16 256 
2-Hor-4X50 200 

Total area = 456 
Y= 12.39 


` FIGURE P6-13 Units: 


Part Area 
1-Hor-5x10 50 
2-Ver-5X55 275 
3-Hor-5x20 100 
4-Ver-5x30 150 
5-Hor-5x5 25 

Total area = 600 
Y=. 23.33 


FIGURE P6-14 Units: 


Part Area 
1-Bot plate 0.5200 
2-Bot flanges 0.1200 
3-2 Vert webs 0.3000 
4-Horiz-top 0.12 

Total area = 1.06 
Y= 0.5330 


` FIGURE P6-15 units: 


Part Area 
1-Bot flange 0.1000 
2-2 Verticals 0.4800 
3-Mid-Horiz. 0.1 

Total area = 0.68 
Y= 1.0676 


2.5 

27.5 

27.5 

15.0 

52.5 

Sum Ay= 
mm 


Inches 
y 
0.1000 
0.2500 
0.9500 
1.65 
Sum Ay= 


NOTE: Both vert. combined 10x45; horiz. flanges combined 5x30 


Ay le d Ad^2 
1.0012E«04 — 7.594ፎ+04 0.69 2.145+02 
3.750E+02 3.125E+02 19.31 5.59ፎ+04 
5.312E+03  2.604E402 20.69 5.355+04 
1.581E+04 Total | = 


NOTE: Reference axis is base of the shape 


NOTE: All verticals massed together 


Ay le d Ad^2 
2.048E+03 5.4615+03 4.89 4.92ፎ+03 
3.600E+03 2.667E+02 5.61 6.30E+03 
5.648E+03 Total | = 


NOTE: Reference axis is base of the shape 


NOTE: Reference axis is base of the shape 


Ay le d Ad^2 
1.250E+02 1.045E+02 20.83  2.17E404 
7.562E+03 6.932ፎ+04 4.17  4.77E+03 
2.750E+03 2.083E+02 4.17 1.74ፎ+03 
2.250E+03 1.125E+04 8.83 1.04E+04 
1.312E+03 5.208E+01 29.17 2.13E+04 
1.400E+04 Total | = 


NOTE: Reference axis is base of the shape 


Ay le d Ad^2 
0.0520 0.00173 0.4330 0.0975 
0.0300 0.0001 0.2830 0.0096 
0.2850 0.05625 0.4169 0.0522 
0.1980 0.0001 1.1170 0.1497 
0.5650 Total | = 


NOTE: Reference axis is base of the shape 


Ay Ic d Ad^2 
0.0050 — 0.00008 1.0176 0.1036 
0.5760 — 023040 0.1323 0.0084 
0.1450 .0.0000833 — 0.3823 0.0146 
0.7260 Total I = 


lc+Ad'2 

7.62E*04 
5.62E*04 
5.38E+04 
1.86E+05 


IcrAd^2 

1.04E*04 
6.57E+03 
1.70E+04 


IctAd^2 

2.18E*04 
7.41E*04 
1.94E+03 
2.17ፎ+04 
2.13E+04 
1.41E+05 


lc-Ad^2 
0.0992 
0.0097 
0.1084 
0.1498 
0.3672 


ict Ad^2 
0.1036 
0.2388 
0.0147 
0.3572 


mm^4 


mm^4 


mm^4 


in^4 


in^4 


FIGURE P6-16 Units: 


Part 
1-Rectangle 
2-Semicircle 

Total area = 
Y= 


Area 
1.1250 
0.2209 

1.34589 
0.8992 


FIGURE P6-17 Units: 


Part 
1-Rectanale 
2-Semic-bot 
3-Semic-top 

Total area = 
Y= 


Area 
11400 
1414 
1414 
14227 
0.00 


FIGURE P6-18 Units: 


Part 
1-Rectangle 
2-Rect rem. 
3-Triangle 

Total area = 
Y= 


Area 
1200 
-400 

300 
1100 
27.27 


FIGURE P6-19 Units: 


Part 
1-Hor-.5x1.4 
2-Ver-.6x2.5 
3-2 ፐዮ-..71.2 
4-Tri-rem 
5-Hole-rem 

Total area = 
Y= 


Area 
0.700 
1.500 
0.910 

-0.460 
-0.049 

3 
0.9305 


FIGURE P6-20 units: 


Part 
1-2 Vert rect 
2-2 Triangles 
3-Top-.3x2.4 
Total area — 
Y- 


Area 
1.2000 
0.5100 
0.7200 
2.4300 
1.2798 


inches 
y 
0.7500 
1.6590 
Sum Ay- 
in 


mm 
y 
0.0 
-107.7 
107.7 
Sum Ay- 
mm 


inches 
y 
0.250 
1.250 
0.933 
0.807 
2.200 

Sum Ay- 

in 


Inches 
y 
1.0000 
1.1333 
1.8500 
Sum Ay- 
in 


NOTE: Reference axis is base of the shape 


Ay Ic 
0.8438 0.21094 
0.3665 0.0022148 
1.2102 


NOTE: Reference axis taken at y-125 


Ay 
0E+00 
-1.52E+05 
1.52E+05 
0E+00 


Ic 
3.430E+07 
9.072E+04 
9.072E+04 


d 
0.1491 
0.7598 


d 
0.00 
107.72 
107.72 


Ad^2 
0.0250 
0.1275 

Total l= 


Ad^2 
0E+00 
1.64E+07 
1.64E+07 

Total | = 


NOTE: Reference axis is base of the shape 


Ay 
2.400E+04 
-8.00E+03 
1.40E+04 
3.000E+04 


Ay 
0.1750 
1.8750 
0.8493 

-0.3711 

-0.1080 
2.4202 


Ic 
1.60E+05 


-1.33E+04 


6.67E+03 


Ic 
0.0146 
0.7813 
0.0854 

-0.0216 

-0.0002 


d 
7.27 
7.27 

19.39 


d 

0.681 
0.319 
0.003 
0.124 
1.269 


Ad^2 
6.35E+04 
-2.1E+04 
1.13E+05 
Total ! = 


NOTE: Reference axis is base of the shape 


Ad^2 
0.3242 
0.1531 
0.0000 

-0.0071 
-0.0791 
Total 1 = 


NOTE: Reference axis is base of the shape 


Ay 
1.2000 
0.5780 
1.3320 
3.1100 


lc 

0.4000 
0.0819 
0.0054 


d 
0.2798 
0.1465 
0.5701 


Ad^2 
0.0940 
0.0109 
0.2341 

Total | = 


Ic*Ad^2 
0.2360 
0.1297 
0.3657 


Ic*Ad^2 

3.43E+07 
1.65E+07 
1.65E+07 
6.73E+07 


lc+Ad'2 

2.23E+05 
-3.4E+04 
1.20E+05 
3.08E+05 


Ic*Ad^2 
0.3388 
0.9343 
0.0854 

-0.0287 
-0.0793 
1.2506 


lc+Ad'2 
0.4940 
0.0928 
0.2395 
0.8263 


in^4 


mm^4 


mm^4 


in^4 


in^4 


FIGURE P6-21 Units: inches NOTE: Reference axis is base of the shape 


Part Area y Ay lc d Ad^2 lc*Ad^2 
1-Vert rect 8.2500 4.2500 35.0625 20.7969 0 0.0000 20.7969 
2-Bot flange 5.2500 0.7500 3.9375 0.9844 3.5 64.3125 65.2969 
3-Top flange 5.2500 7.7500 40.6875 0.9844 3.5 64.3125 65.2969 
Total area = 18.7500 Sum Ay= 79.6875 Total i= 151.3906 in^4 


Y= — 42500 in 


. FIGURE P6-22 Units: Inches NOTE: 7.25x7 rectangle with 4.25x5.5 rectangle removed 


Part: Area y Ay lc d Ad^2 ic*Ad^2 
1-Tot 7.25x7 50.75 3.50 177.63 207.23 0.00 0.00 207.23 
2-4.25x5.5 ré — -23.38 3.50 -81.81 -58.92 0.00 0.00. -58.92 ` 
Total area = 27.88 Sum Ay- 95.81 Totali« 148.30. in^4 
Y= 3.50 in NOTE: Reference axis is base of the shape 


| FIGURE P6-23 Units: Inches NOTE: 24x4.5 rectangle with 21x3.5 rectangle removed 


Part Area y Ay le d Ad^2 Ic*Ad^2 
1-Tot 24x4.5 108.00 2.25 243.00 182.25 0.00 0.00 182.25 
2-21x3.5 rem  -73.50 2.25 -165.38 -75.03 0.00 0.00 -75.03 
Total area = 34.50 Sum Ay= 77.63 Total l= 107.22 in^4 
Y= 2.25 in NOTE: Reference axis is base of the shape 


FIGURE P6-24 Units: Inches NOTE: Reference axis is base of the shape 


Part Area y Ay le d Ad^2 lc+Ad42 
1-2 Verticals 33.75 5.63 189.84 355.96 2.13 152.40 508.36 
2-Top flange 16.88 12.00 202.50 3.16 4.25 304.80 307.97 
Total area = 50.68 Sum Ay= 392.34 Total ! = 816.33 in^4 
Y= 7.75 in ° 


FIGURE P6-25 Units: Inches 






NOTE: Beam depth = 13.7 in;Ref axis=centroid;7.35 in from bot _ 






























































Part Area y Ay lc d Ad l. + Ad 
1-W14x43 12.60 0.00 0.00 428.00 0.00 0.00 428.00 
2-bot plate 4.00 -7.10 -28.40 0.0833 7.10 ` 201.64 201.72 
. S-opplate 400 7.10 — 2840 0.0833 — 7.10 — 20164 20172. ` 
Totalarea= 20.60 SumAy- 0.00 Total | = 831.45 inf 


Y= 0.00 Inches 


FIGURE P6-26 ^ Units: Inches 





_ NOTE: Reference axis is base of the shape 





Part Area y Ay m q Ad l, + Ad 
1-S12x50 14.600 6.000 87.600 303.00 1.913 53.43 356.43 
2-C12x25 7.350 11.713 86.091 4.45 3.800 106.13 110.58 

Totalarea= 21.950 SumAy= 173.691 Total | = 467.01 in 


Y= 7.913 Inches NOTE: Web for C is 0.387 thick; Y-Y axis down 0.674 from top 
NOTE: For Channel; y = 12.0 + 0.387 - 0.674 = 11.713 in 


fol 


FIGURE P6-27 Units: inches NOTE: Reference axis is base of the shape 


Part Area y Ay le d Ad^2 Ic*Ad^2 
1-112x14.292 12.15 6.00 72.92 317.33 1.40 23.73 341.06 
2-Top plate 3.50 12.25 42.88 0.07 4.85 82.41 82.49 
Total area = 15.65 Sum Ay= 115.79 Total | = 423.55 in^4 
Y= - 7.40 in 


. FIGURE P6-28 Units: inches NOTE: Depth of C12 is12.0; Ref. axis at centroid;y=6.50 from bot 


Part Area y Ay Ic d Ad^2 [ር+ለፀ*2 
1-Two C12 14.07 0.00 0.00 319.520 0.00 0.00 319.52 
2-Bot plate 5.00 -6.25 -31.25 0.104 6.25 195.31 195.42 
3-Top plate 5.00 6.25 31.25 0.104 6.25 195.31 195.42 
Total area = 19.07 Sum Ay= 0.00 Total | = 710.35 in^4 
Y= 0.00 in 


FIGURE P6-29 Units: Inches NOTE: Overall depth=7.0 in; Ref axis=centroid; 3.5 in from bot — ` 





















































Part Area y Ay le d Ad I, + Ad 

1 Vert plate 3.00 0.000 0.00 9.00 0.000 0.000 9.000 

2-Bot angles (2) 2.74 -2.368 -6.49 0.9520 2.368 15.364 16.316 

3-Top angles (2) 2.74 2.368 6.49 0.9520 2.368 15.364 16.316 

4-Top plate 2.25 3.250 7.31 0.0469 3.250 23.766 23.813 

5-Bot plate 2.25 -3.250 -7.31 0.0469 3.250 — 23.766 23.813 
Totalarea= 12.980 SumAy= 0.00 Total | = 89.258 ዘ 


Y= 0.00 Inches NOTE: For Angle; y = 3.50 - 0.50 - 0.632 = 2.638 in 


FIGURE P6-30 Units: Inches NOTE: Overall depth = 6.0 in: Ref axis=centroid: 3.0 in from bot 










































































Part Area y Ay k d Ad L + Ad 
1-Vert plates (2) 3000 0.000 0.000 9.000 0.000 0.000 9.000 
2-bot channel 1.760 -2.545 -4.479 0.300 2545 11.3996 11.6996 
3-top channel — 1.760 2.545 4.479 0.300 2.545 11.3996 11.6996 
Totalarea - 6.520 SumAy= 0.000 Totall= 323994 inf 


Y= 0.00 Inches 


FIGURE P6-31 Units: Inches NOTE: Ref axis=centroid; 3.0 in from center of either pipe 


Part Area y Ay le d Ad l. + Ad 
1-Vert plate 2.050 0.000 0.000 2.8717 0.000 0.000 2.872 
2-bot pipe 0.799 -3.000 -2.397 0.3099 3.000 7.1910 7.5009 
3-top pipe 0.799 3.000 2.397 0.3099 3.000 7.1910 7.5009 
Totalarea= 3.648 SumAy= 0.000 Total | = 17.8735 ዘ" 


Y= 0.00 Inches NOTE: Length of plate = 6.00 - pipe dia = 6.00 - 1.90 = 4.10 in 


FIGURE P6-32 ^ Units: Inches NOTE: Reference axis=centroid= 12 in from CL of pipes 





Part Area y Ay le d Ad I, + Ad 

1-Top pipes (2) 4.4560 12.0000 : 53.4720 6.0340 12.00 641.66 647.70 

2-Bot pipes (2) 4.4560 -12.0000 -53.4720 6.0340 12.00 641.66 647.70 
Totalarea= 8.9120 SumAy= 0.0000 Total | = 1295.40 in* 


Y= 0.0000 Inches 


/28 


FIGURE P6-33 Units: Inches NOTE: Ref axis at base of shape 
Part Area y Ay | d Ad l, + Ad 



















































1-Base plate — 2.500 0.125 0.313 0.0130 2.592 16.800 16.813 
2-Angles (2) 3.380 1.470 4.969 5.5000 1.247 5.2582 10.7582 
—Sopplate — 6.000 4500 27000 | 0.1250 1783 190689 494939 — _ 
Totalarea= 11.880 SumAy- 32281 Total |= 46.7646 in* 


Y= 2.717 Inches 


FIGURE P6-34 Units: Inches NOTE: Reference axis=centroid= 3.00 in from bottom 


Part Area y Ay k d Ad L + Ad 
1-Channel 3.830 0.000 0.000 17.300 0.000 0.000 17.300 
2-Channel 2.830 0.000 0.000 17.300 0.000 0.000 17.300 

Totalarea= 6.660 Sum ለሃ = 0.000 Total | = 34.600 in 


Y= 0.0000 Inches 


P6-35 | | Units: Inches NOTE: Ref axis at base of shape 











































































































































Part Area y Ay le d Ad I, + Ad 
 '-MAngles(2) 1888. 0586. — 1106 0.6920 2023 7730 642 
2-Bot channel 2.640 0.478 1.262 0.6240 2.131 . 11.9931 12.6171 
3-Vert webs (2) 4.500 3.000 13.500 13.5000 0.391 0.6866 14.1866 
4-Top channel — 2.640 5.522 14.578 0.6240 2.913 — 22.3959 23.0199 
Totalarea - 11.668 SumAy= 30.446 Total | = §8.2452 in* 
Y= 2.609 Inches 
FIGURE P6-36 Units: Inches NOTE: Reference axis is bases of shape 
Part Area y Ay le d Ad li + Ad 
1-W6x15 4.430 2.995 13.268 29.100 0.642 1.827 30.927 
Angles (2) 1.888 0.846 1.597 0.692 1.507 4.287 4.979 
Totalarea= 6.318 SumAy= 14.865 Total | = 35.906 inf 


Y= 2.3528 inches 


FIGURE P6-37 Units: Inches NOTE: Reference axis is bases of shape 




















Part Area y Ay m d Ad la + Ad? 
" *Bottube ` 2440 2000 = 4.880 4490 1500 “54900 ^" 9.980 ` 
2-Top tube 2.440 5.000 12.200 1.480 1.500 5.490 6.970 
Totalarea= 4.880 SumAy= 17.080 Total 1 = 16.950 in* 


Y= 3.5000 Inches 


FIGURE P6-38 Units: Inches NOTE: Ref axis at base of shape 
Part Area y Ay l d Ad l. + Ad 


c 
1-6x6x1/2 9.740 3.000 29.220 483000 0.051 


0.025 48.325 

2-4x2x1/4 2.440 1.465 3.575 1.4800 1.484 5.3736 6.8536 

3-3x2x1/4 1.970 4.535 8.934 1.1100 1.586 4.9552 6.0652 
Totalarea= 14.150 SumAy= 41.729 Total | = 61.2442 in“ 


Y= 2.949 Inches NOTE: Use design wall thickness for 6x6x1/2; t, = 0.465 in 


/05 


FIGURE P6-39 Units: Inches. NOTE: Ref axis at base of shape ` 
Part Area y Ay Ic d Ad L + Ad 



























1-Bot channel 1.590 0.457 0.727 0.3120 2904 13.411 13.723. 

2-6x2x1/4 3.370 3.184 10.730 13.1000 0.177 0.1058 13.2058 
3-Toop channel 1.590 ^ 6.641 ^ 10.559 | 0.3120 ^ 3.280 17.1037 ^ | 174157. . 
Totalarea= 6.550 SumAy= 22.016 Total | = 44.3442 in“ 


Y= 3.361 Inches 


FIGURE P6-40 Units: Inches NOTE: Reference axis is bases of shape 
Part Area Ay | d Ad I, + Ad 
< = e EE EE 


H 
1-Bot channel 1.881 0.730 1.373 0.980 0.321 0.193 1.173 
2-Topl-beam ` 1.726 1.400 2.416 0.680 0.349 0.211 









































Totalarea= 3.607 SumAy= 3.790 Total | = 2.064 in 
Y= 1.0506 Inches 
FIGURE P6-41 ` Units: Inches NOTE: Reference bases of shape — — — 
Part Area y Ay le d Ad I, + Ad 
 1-W12x30 8790. 6.150 54059 238.000 2.022 35.953 2739858  — 
2-C6x13 3.830 — 12814 49.078 1.050 | 4.642 82514. 83.564 .- 
Totalarea= 12.620 SumAy= 103.136 Totall= 357.517 — in" 


Y= 8.1724 Inches NOTE: depth of W-beam = 12.3 in 


FIGURE P6-42 Units: inches NOTE: Ref axis=centroid of W-shape 


































































































Part Area y Ay k d Ad — Laag እ 
1-W4x13 3.830 0.000 0.000 11.3000 0.000 0.000 11.300 
2-bot tube 2.440 -3.080 -7.515 1.4800 3.080 23.1468 24.6268 
. 3-toptube — 2.440 3.080 7.515 1.4800 — 3.080 23.1468 24.6268 
































Totalarea= 8.710 SumAy= 0.000 Totall= 60.5536 ini 
Y= 0.00 inches NOTE: depth of W-beam = 4.16 in 














FIGURE P6-43 ` Inches NOTE: Ref axis is bottom of shape — &— — —  — — 
Part Area y Ay le d Ad I, + Ad | 
1-W12x30 8.790 6450 - 54059 — 2380 — 2047. 36828. — 
2-LAx3x1/4 1.690 13.520 22.849 2.750 5.323 47.8871 50.6371 
.3-LAX3X1/4 | 1.690 | 13.520 — 22.849 2750 5.323 47.8871 ^ 50.6371  —  — . 
Total area= 12.170 SumAy= 99.756 Total | = 376.1020 in” 


Y= 820 Inches NOTE: depth of W-beam = 12.3 in 


FIGURE P6-44 Units: Inches NOTE: Ref axis=centroid of tube 











Part Area y Ay le d Ad l + Ad 
1-6x2x1/4 3.370 0.000 0.000 13.1000 0.000 0.000 13.100 
2-bot plate 1.000 -3.250 -3.250 0.0208 3.250 10.5625 10.5833 
_3-top plate ` 1.000 | 3.250 | 3250 - 00208 3250 10.5625 10 6833 
Totalarea= 5.370 SumAy= 0.000 Total | = 34.2667 inf 


Y= 0.00 inches 


FIGURE P6-45 Units: Inches 








Part Area y 
1-C8x4.147 3.526 4.000 
2-C8x4.147 3.526 4.000 

3-C8x4.147-Top 3.526 7.070 





Y= 5.023 Inches 


NOTE Ref axis is bottom of shape ` 





Totalarea= 10.578 Sum Ay = l 















































Ay le d Ad I, + Ad 
14.104 37.40 1.023 3.692 41.092 
14.104 37.40 1.023 3.692 41.092 
24929 3250 _ 204 ` 





53.137 


FIGURE P6-46 — Units: Inches NOTE: Ref axis at base of shape 
Part Area y Ay Ie d Ad I, + Ad 
AA SE EE ee ር ረመ ማስ ል. 


1-1/2x18 plate 9.000 0.250 





2-3/4x10 plate 7.500 — 5.500 
3-L8x4x1/2 5.800 1.354 
.A-L8x4x1/2 ^ 5800 | 1.354 

Total area = 28.100 SumAy= 
Y= 2.107 Inches 
FIGURE P6-47 
Part Area, A; 
1-Flanges(2) 72.000 
2-Vert. webs(2) 150.000 
3-Semicircle(+) ` 157.080 
4-Semicircle(-) -76.970 
Total area= 302.110 mm? 
. FIGURE P6-48 
Part Area, A; 
1-Rect. (2) 1.250 
2-Semicircle 0.884 
Total area = 2.134 in? 
Y= 





2.250 0.1875 1.857 31.036 31.223 
41.250 62.500 3.393 86.344 148.844 
7.853 6.750 0.753 3.289 10.039 
7853 — 6750 - 0753 3289 10.089 





59.206 Totall= 200.144 


Units: mm NOTE: Reference axis is bottom of the shape 
Yi Aiyi lè d Ad  I,*Ad? 
1.500 108.0 54.0 131 124342 124882 
12.500 1875.0 7812.5 21 687.9 — 85004 
29.240 4593.0 1120.0 146 334766 345966 
27.908 -2152.7 -268.9 13.3 -13669.7 -13938.6 
Sum Ay- 4423.3 mm? Total/, = 41646.6 mm^ 
14.641 mm 
Units: Inches NOTE: Reference axis is base of the shape 
Yi Aur: I, d Aid?  I,*Ad* 
0.625 0.781 0.163 0391 0.191 0.353 
1.568 1.385 0.035 0.552 0.270 0.305 
Sum Ay = 2.167 in® Total I. = 0.659 in! 
1.016 in 
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SOLUTIONS FOR PROBLEMS 7-49 THROUGH 7-66 


Each problem requires the computation of the radius of gyration 


rx = (lx/A)^1/2 with respect to the horizontal centroidal axis. 


Data for | and A are taken from the solution for the given figure number. 


PERL me on ano 


0.3672 in^4 
| 0.3572 in'4 
_ 0.3657 in^4 


151.4 in^4 | 16.75 in^2 

148.3 in^á | 27.38 in^2 

107.2 in^4 | 34.50 in^2 

| 816.3 in^4 | 50 aa We 
631. 451 in’ AE seed: 








SOLUTIONS FOR PROBLEMS 6-67 THROUGH 6-81 > | an 


Each problem requires computation of the radius of gyration: 
ry = (/A)^0.5 with respect to the vertical Y-Y centroidal axis 
Data for A are taken from the solutions for I, for the given figure number. 


All sections have a vertical axis of symmetry and they can be broken into parts 
that all have their centroidal axis on the axis of symmetry. 


Therefore, the total / is the algebraic sum of the / values for all parts. 


“መን 74 — 
500 18.00 


36.50 
i 112.000 
2.60E+05 | 1.12E+07 : 1.14E+07 
3333 521 3.05E+04 
0.0527 0.00775 
3.42E+06 
5.359 


222.30 


5184.00 
25.31 





|, is for the large outside rectangle; / is for the internal rectangle and is negative 
For Problems 6-69M, 6-70M, and 6-72M: / in mm“, A in mm?, r in mm 
For all other problems: / in in“, A in in“, r in inches 


Iby 


SOLUTIONS TO PROBLEMS 6-21M TO 6-46M 
METRIC VERSIONS OF FIGURES P6-21 TO P6-46 


FIGURE P6-21M Units: mm NOTE: Reference axis is base of the shape 
Part Area y Ay ኒ d Ad I, + Ad 
— n sI WIT ee 


1-Bot 2x4 3382 19 64258 4.070E+05 89 2.679E+07 2.72E+07 
2-Web-2x6 5320 108 574560 8.689E+06 0 0.0000 8.69E+06 
3-Top 2x4 3382 197 666254 — 4.070E+05 89 2.679E+07 — 2.72E+07 
Totalarea= 12084 SumAy= 1305072 Totall= 6.31E+07 mm^ 
Y= 108 mm Used 2x4 = 38 mm x 89 mm; 2x6 = 38 mm x 140 mm 


FIGURE P6-22M Units: mm NOTE: Reference axis is base of the shape 
Part Area y Ay l d Ad l, + Ad 
la = — — ee 


1-Outside rect. — 32752 89.0 2.915E+06 8.648E+07 0.00 0.000E+00 8.648E+07 
2-Inside rect. -15120 89.0 -1.3465+06 -2.470E+07 0.00 0.000E*00 -2.470E+07 


3- 0 0.0 0.000E+00 0.000E+00 0.00 0.000E+00 0.000E+00 
Totalarea= 17632 SumAy= 1.569E+06 Totall= 6.18E+07 mm^ 
Y= 8900 mm Used 1x8 = 19 mm x 184 mm; 2x6 = 38 mm x 140 mm 


Outside rectangle - inside rectangle 


FIGURE P6-23M Units: mm NOTE: Reference axis is base of the shape 
Part Area y Ay k d Ad l + Ad 
1-Outside rect. 69784 57.2 3.992E+06 7.61411E+07 0.00 0.000E*00 7.611E+07 
2-Inside rect. -47526 57.2 -2.71418E+06 -3.137E+07 0.00 0.000E+00 -3.137E+07 


3- 0 0.0 0.000E+00 0.000E+00 0.00 0.000E+00 0.000E+00 
Totalarea= 22258 SumAy= 1.273E+06 Totall= 4.47E+07 mm^ 
Y= 5720 mm Used 2x4 = 38 mm x 89 mm; 1/2x24 = 12.7 mm x 610 mm 


Outside rectangle - Inside rectangle 


FIGURE P6-24M Units: mm NOTE: Reference axis is base of the shape 
Part Area y Ay k d Ad i, + Ad 


1-Verticals (2) 21736 143.0 | 3.108E*06 1.482E+08 — 54.00 6.338E+07 2.115E*08 


2-Top flange 10868 305.0 3.315E+06 1.308E+06 40800 1.268E+08 1.281E+08 


3- 0 0.0 0.000E+00 0.000E+00 0.00 0.000E+00 0.000E+00 
Totalarea= 32604 SumAy= 6.423E+06 Totall= 3.40E+08 mm’ 
Y= 197.00 mm Used 2x12 = 38 mm x 286 mm 


FIGURE P6-25M Units: mm NOTE: Beam depth = 348 mm;Ref axis = centroid;186 mm from bot 








Part Area y Ay k d Ad I, + Ad 
1-W360x64 8130 0.00 0.00 1.780E+08 0.00 0.00 1.780E+08 
2-bot plate 2400 -186 -446400 2.880E+04 186 8.303E+07  8.306E*07 
3-top plate 2400 186 446400 2.880E+04 186 8.303E+07 8.306E+07 
Totalarea= 42930 SumAy= 0.00 Totall= 3.44E+08 mm^ 


Y= 0.00 Inches 


FIGURE P6-26M Units: mm NOTE: Reference axis is base of the shape; Depth of S = 305 mm 
Part Area y Ay k d Ad La Ad" 
NU oe eee LL 


1-S300x74 9420 152.500 1.437E+06 1.260E+08 48.615  2.226E407 1.483E+08 
2-C300x37 4740 297.730 1.411E+06 1.850E+06 96.615 4.425E+07 4.610E+07 
Totalarea= 14160 SumAy= 2.848E+06 Totall= 1.94E+08 mm 
Y= 201.12 mm NOTE: Web for C is 9.83 mm thick; Y-Y axis down 17.1 mm from top 


NOTE: For Channel; y = 305+9.83-17.1 = 297.73 mm 


Joy 


FIGURE P6-27M Units: mm NOTE: Reference axis is base of the shape; Depth of S = 305 mm 
Part Area Ay | ፀ ልፀ I, + Ad 


y c 
1-1305x23.80 Al — 7841 152.5 1.196E406 1.320E+08 34233 9.189E+06 1 412ጅ+08 
2-12x180 Plate 2160 3110 6.718E+05 2592E+04 124.267  3.336E*07 3.338E+07 
Totalarea= 10001 SumAy= 1.868ፎ+06 Totall= 1.75E+08 mm” 
Y= 48673 mm 





FIGURE P6-28M Units: mm NOTE: Channel depth=305 mm;Ref axis = centroid;164.5 mm from bot 
Part Area y Ay lc d Ad I, + Ad 
1-C305x12.31 (2) 9080 0.00 0.00 1.330E+08 0.00 0.00 1.330E+08 
2-bot plate 3000 -158.5 -475500 | 3.600E*04 1585  7.537E+07 7.540E+07 
3-top plate 3000 158.5 475500 3.600E+04 158.5  7.537E+07 7.540E+07 
Totalarea= 15080 SumAy= 0.00 Totall- 2.84E+08 mm‘ 


Y= 0.00 Inches NOTE: Top and Bottom plates are 12 mm x 250 mm 


Figure P6-29M Units: mm NOTE: Reference axis = centroid = 87 mm from bottom 
Part Area y Ay | d Ad l. + Ad 


c 


1 Vert plate 1800 0.0 0.00 3.375E+06 0.0 0.000E+00 3.375E+06 
2-Bot angles (2) 1768 -58.9 -104135 3.960E+05 58.9 6.134E+06 6.530E+06 
3-Top angles (2) 1768 58.9 104135 . 3.960E+05 58.9 6.134E*06 6.530ፎ+06 
4-Top plate 1320 81.0 106920 1.584E+04 81.0 8.661E+06 8.676E+06 
5-Bot plate 1320 -81.0 -106920 1.584E+04 81.0 8.661E+06 8.676E+06 
Totalarea= 7976 | Sum Ay- 0.00 Totallz 3.38E+07 mm“ 
Y= 0.00 mm NOTE: For Angle; y = 87 - 12 - 16.1 = 58.9 mm from centroid 


FIGURE P6-30M Units: mm NOTE: Overall depth = 150 mm; Ref axis=centroid: 75 mm from bot 
Part Area y Ay | 6 Ad l. + Ad 


c 





T-Vert plates (2) ` 3600 0.00 0.00 3.375E+06 — 0.000 0.00 3.375E+06 

2-bot channel 1140 -63.4 -72276 1.250E+05 63.4 4.582E+06 4.707E+06 

3-top channel 1140 63.4 72276 1.250E+05 63.4 4.582E+06 4.707E+06 
Totalarea= 5880  SumAy- 0.00 Totallz 1.28E+07 mm^ 


Y= 0.00 mm 


c 
1-Vert plate 1220.88 0.00 0.000 1.053E+06 0.00 0.000E+00 1.053E+06 
2-bot pipe 515.80 -75.00 -38685 1.290E+05 — 75.00 2.901E+06 3.030E+06 
3-top pipe 515.80 75.00 38685 1.290E+05 75.00 2.901E+06 3.030E+06 
Total area = 225248 SumAy= 0.000 Totall= 7.11E+06 ጠጠ" 
Y= 000 mm NOTE: Web length: 150 mm - pipe OD = 150 mm - 48.26 = 101.74 mm 


FIGURE P6-31M Units: mm NOTE: Ref axis=centroid; 75 mm from center of either pipe 
Part Area y Ay | d Ad l, + Ad 
=. Ek — 


FIGURE P6-32M Units: mm NOTE: Reference axis=centroid= 300 mm from CL of pipes 
Part Area y Ay l d Ad l, + Ad 


c 


1-Top pipes (2) 2876 300 8.628E*05 2.520ር+06 300 2.588E+08 2.614ር+08 
2-Bot pipes (2 2876 -300 - -8.628E*05 2.520E+06 300 2.588E+08 2.614ር+08 
Totalarea= 5752  SumAy- 0.0000 Total ls 5.23E+08 mm“ 


Y= 0.00 mm 


FIGURE P6-33M Units: mm pi g 
Part Area Ay l d Ad l. + Ad 
s. l ae a ZZ u a Au, 


NOTE: Ref axis at base of shape; Overall height = 120 mm 


6.351E*06 6.356E+06 

2.105E+06 4.385ፎ+06 

7.594E+06 7.637E+06 
Total ls 1.84E+07 mm^ 


Ad l, + Ad 

0.00 7.200E+06 

0.00 7.200E+06 
Totall= 4.44E+07 mm 


y c 
1-Base plate 1500 3.0 4500 4.500E*03 65.071 
2-Angles (2) 2180 37.0 80660 2.280E+06 31.071 
3-top plate 3600 114.0 410400 4.320E+04 45.929 
Totalarea= 7280 SumAy= 495560 
Y= 68071 mm 
FIGURE P6-34M Units: mm NOTE: Reference axis = centroid = 76 mm from bottom 
Part Area y Ay I, d 
1-Channel 2470 0.00 0.00 7.200E+06 0.00 
2-Channel 2470 0.00 0.00 7.200E+06 0.00 
Totalarea= 4940 SumAy= 0.00 
Y= 000 mm NOTE: Depth of channel = 152 mm 


FIGURE P6-35M Units: mm p 
Part Area Ay l d Ad L + Ad 
=—— I በ EEN 


NOTE: Ref axis at base of shape 


y c 
1-Angles (2) 1218 14.9 18148 2.880E+05 50.491 
2-Bot channel 1700 12.1 20570 2.600E+05 53.291 
3-Vert webs (2) 3000 75.0 225000 5.625E+06 9.609 
4-Top channel 1700 137.9 234430  2.600E+05 72.509 
Totalarea= 7618 SumAy= 498148 
Y= 65.391 mm 


1-W150x22.5 2860 76.000 217360 


2-Angles (2 
Total area = 
ኛ። 


1218 21.500 
4078 | SumAy= 
59.722 mm 


26187 
243547 


c 
1.210E+07 
2.880E+05 


c 


16.278 
38.222 


1-Bot tube 1570 51.00 80070 1.870E+06 38.25 
2-Top tube 1570 127.50 200175 _ 6.160E+05 38.25 
Totalarea= 3140  SumAy- 280245 
Y= 8925 mm 


1 6280 


-Outside tube 
2-Bot inner tube 


Yz 


1-Bot channel 

2-152x51x6.4 
3-Toop channel 
Total area = 
Y= 








76.00 
1570 37.30 


74.731 ጠጠ 


1020 11.60 





477280 
58561 


11832.0 


2.010E+07 
6.160E+05 


1.300E+05 


175053.9 5.450E+06 


2170 80.67 

1020 168.27 | 1716354 
4210 Sum Ay= 358521.300 
85.16 mm 





1.300E+05 





NOTE: Ref axis at base of shape 


FIGURE P6-38M Units: mm p 
Part Area y Ay 1 d Ad I, + Ad 


1.269 


37.431 
3-Top inner tube _ 1271 114.70 145784 4.620E+0O5 39.969 2.030E+06 2.492E+06 
Totalarea= 9121 SumAy= 681625 Total1= 2.542E+07 mm 


NOTE: Use design wall thickness for HSS 152x152x12.7; t, = 11.8 mm 


NOTE: Ref axis at base of shape 


FIGURE P6-39M Units: mm p 
Part Area y Ay 1 ፀ Ad I, + Ad 
eer E — 


73.559 


4.489 


83.111 





3.105E+06 3.393E+06 
4.828E+06 5.088E+06 
2.770E+05 5.902E+06 
8.938E+06 9.198E+06 
Totall= 2.36E+07 mm^ 


NOTE: Reference axis is bases of shape; Overall height = 152 mm 


FIGURE P6-36M Units: mm p g 
Part Area y Ay l d Ad l. + Ad 


7Z578E+05  1.286E*07 
1.779E+06 2.067E+06 
Totall= 1.49E+07 mm" 


NOTE: y for angles = 14.9 + 6.60 = 21.50 mm; t; = 6.60 mm 


NOTE: Reference axis is bases of shape 


FIGURE P6-37M Uniis: mm pi 
Part Area y Ay | ፀ ልፅ l. + Ad 
= ea NOTET m ON Z L on ረር ና መ aa 


2.297E+06 4.167E+06 
2.297E+06 2.913E+06 
Totall= 7.08E+06 mm^ 


1.011E+04 2.011E+07 
2.200E+06 2.816E+06 


5.519E+06 5.649ር+06 


4.374E+04 5.494E+06 
7.0465+06- 7.176E+06 





Totall= 1.83E+07 mm 





[I0 


FIGURE P6-40M Units: mm NOTE: Reference axis is bases of shape 
Part Area y Ay | ፀ ልበ I, + Ad 
EE 


1-Bot channel 

2-Top I-beam 
Total area = 
Ye 


FIGURE P6-41M Units: mm NOTE: Reference axis is bases of shape 
Part Area y Ay l d Ad L + Ad 
——— n P  _  “ ge II 


1-W310x44.5 

2-C150x19.3 
Total area = 
Yu 


FIGURE P6-42M Units: mm NOTE: Ref axis=centroid of W-shape 
Part Area y Ay | d Ad l. + Ad 
——=T c EA — 


1214 18.500 
1114 35.800 
2328 Sum Ay = 
2678 mm 


5670 156.000 
2470 325.100 


8140 Sum Ay = 


207.31 ጠጠ 





1-W100x19.3 2470 0.000 
2-bot tube 1570 -78.5 
3-top tube 1570 78.5 

Totalarea= 5610  SumAy- 
Ys 0.00 mm 
FIGURE P6-43M Units: mm 
Part Area y 
1-W310x44.5 5670 156 
2-L4x3x1/4 1090 343 
3-LAX3X1/4 1090 343 
Totalarea - 7850  SumAy- 
Ys 207.93 mm 
FIGURE P6-44M Units: mm 
Part Area y 

1-152x51x6.4 2170 0.000 

2-bot plate 600 -82 


3-top plate 600 82 49200 7.200E+03 82 4.034E+06 4.042E+06 
Totalarea= 3370 SumAy= 0.000 Totall= 1.35E+07 mm 


Y = 


FIGURE P6-45M Units: mm NOTE: Ref axis is bottom of shape 
Part Area y Ay | d Ad l. + Ad 
— — — — —— —— —— LM — 


0.00 mm 


1-C203x6.17 2275 101.5 
2-C203x6.17 2275 101.5 
3-C203x6.17-Top 2275 179.4 
Totalarea - 6825  SumAy- 
Y= 127.47 mm 


FIGURE P6-46M Units: mm NOTE: Ref axis at base of shape 
Part Area y Ay l d Ad l, + Ad 


1-12x450 plate 5400 6.0 32400 6.480E+04 48.221 1.256E+07 1.262ጅ+07 


2-20x250 plate 
3-L203x102x12.7 
4-L203x102x12.7 
Total area = 
Y= 


5000 137.0 
3740 33.7 
3740 33.7 
17880 SumAy= 
54.22 mm 


c 
22450 40808+05 8278  8.320E:04 4.0125+05 
39881 2830E+05 9.022  9.067E404 3.737ፎ+05 
62340 Totall= 8.65E+05 mm" 


c 
884520 — 9.910E*07 51.312  1.493E407 1.140E+08 
802997 - 4.370E*05 117.788 3.427E+07  3.471E407 
1687517 Totall= 1.49E+08 mm 
NOTE: depth of W-beam = 312 mm 


c 


0 4.700E+06 0.0 
-123245 6.160E+05 78.5 — 9.675E+06 1.029E+07 
123245 6.14160E+05 78.5 9675E+06 1.029E+07 

0.000 Totall= 2.53E+07 mm" 
NOTE: depth of W-beam = 106 mm 


0.000E*00 4.700E+06 


NOTE: Ref axis is bottom of shape 
Ay k q Ad I, + Ad 
884520 9.910E+07 51.931  1.529E*07  1.144E408 
373870 — 1.140E*06 135.069  1.989E«07 2.103E+07 
373870 _ 1.140E*06 135.069 A1.989E+07  2.103E407 
1632260 Totallz 1.56E+08 mm“ 
NOTE: depth of W-beam - 312 mm 


NOTE: Ref axis-centroid of tube 
Ay lc d Ad I, + Ad 
0.000 5.450E+06 0.000 0.000E+00 5.4505+06 
-49200 7.200E+03 82 4.084E*06 4.042E+06 


Note: Plates are 12 mm x 50 mm 


c 
230912.5  1.560E*07 25.967  1.534E*06  1.713E407 
2909125  1.560E*07 25.967 1.534E+06 1.7135+07 
408135.0 — 1.350E406 — 51.933 6.136E+06 7.486ፎ+06 


869960.0 Total le 4.18E+07 mm 


685000 2604E+07 82.779 3.426E+07 6.030E+07 
126038 2810E+06 20.521  1.575E406 4.3855+06 
126038 — 2810E+06 20.521  1.575E*06 4.385E+06 
969476 Totall= 8.17E+07 mm^ 








ANALYSIS D of BENDING. s TRESS ES 


CHAPTER 7 Stress Due to Bending 
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7-33 Specify the lightest wide-flange beam. ASTM A992 structural steel. Sy = 50 ksi 
Design stress: ay = 0.66 s, = (0.66)(50 000 psi) = 33 000 psi 
From Figure P5-3: M max = (45.7 K-f0(1000 Ib/K)(12 in/ft) = 548 400 Ib-in 
Required section modulus: S = M/oy = (548 400 Ib-iny(33 000 Ib/in?) = 16.6 in? 
Specify: W12x16 steel beam from Appendix A-7(US); S « 17.1 in? 


7-34 Specify the lightest wide-flange beam. ASTM A992 structural steel. Sy = 345 MPa 
Design stress: o, 0.66 s, = (0.66)(345 MPa) = 227.7 MPa = 227.7 N/mm? 
From Figure P5-7: M mar = (71.5 KN-m)(1000 N/kN)(1000 mm/m) = 71.5x10° N-mm 
Required section modulus: S = M/o = (71.5x10° N-mmy(227.7 N/mm?) = 3.14x109 mm? 


Specify: W360x39 steel beam from Appendix A-7(SI); US designation: W14x26 
S = 5.79x10° mm? 


Problems 7-35 to 7-42 are similar to 7-33 and 7-34 above with the same design stress. Maximum 
bending moment varies with the beam loading shown in the indicated figures from Chapter 5. 
Problems 7-43 to 7-52 use the same set of beam loadings as 7-33 and 7-34 but the objective is 
to specify the lightest American Standard S-beam. The required section modulus is the same. 








Problems 7-53 to 7-62 use the same set of beam loadings as 7-33 and 7-42 but the material is 
ASTM A572 Grade 60 with s, = 60 ksi (414 MPa). Then, 


Design stress: o4= 0.66 s, = (0.66)(60 000 psi) = 39 600 psi (273 MPa) 
The objective is to specify the lightest wide flange beam. 


The results for these three sets of problems are summarized below. 


























i ASTM ADT62 Gr Grën ” 




































a ASTM A992; sy = 50 ksi (345 Ta x NENNEN INEO 
Prob.| Fig. M max Req'd. | Lightest Lightest SE eq 


No. | No. S | W-beam | No. | S-beam 


_S-beam | No. | i 
7-33 P5-3 |457 Kt | 16687” | W12x16 S10x25.4 |7-53| 13 W12x16 


ral | $250x37.8 | 7-54| 2.62x10° mm^ | W310x23.8 


7-45 | S200x27.4 | 7-55] 1. .58x10* mm? W250x17.9 


7-46| S10x25.4 |7-56] — 18.2 i? W8x21 


S380x64 |7-57 6.23x10° mm? | W310x44.5 




































7-34 |P5-7 |71.5 kN-m 3.14x10* mm^ | W360x39 





7-35 |P5-8 |43.2 kN-m | 1.89x10* mm? |W310x23.8 


7-36 |P5-11|60.0K-ftt | 218 ዘክ" | W14x26 
7-37 |P5-16 170 kN-m |7.47x10° mm?| Wa60x60 
7-38 |P5-36 |10.0 K-ft 3.64i | W840 ` 


7-39 P5-40|40.0 ኗብ | 14.5in? | W12x16 |7- 
7-40 |P5-52 |148 ርብ 53.8in | W18x40 





























7-41 |P5-63 1450 N-m |6.37x10? mm?| W200x15 | 7-51| S80x8.5 |7-61|5.31x10? mm? W20 








7-42 |P5-64 30.0 K-t | 109i | W10x12 |7 ማሽ E _9 08 in? በይ 
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The objective is to compare the results af the beam loading and support conditions for five 
different beams in problems 9-22, 9-28, 9-30, 9-32, and 9-34» Details were 
reported earlier in this solutions manual for each problem. Note that each beam design 
has a total length of 14.0 ft and carries a uniformly distributed load of 400 Ib/ft 
resulting in a total load of 5600 Ib. Changing the manner of support or adding additional 
supports affects the shearing force, V, the bending moment, M, and the maximum 
deflection, y, for a given EI value for the beam material and shape. Vertical shear stress 
and bending stress are directly propostional to the values of V and M respectively. 
Therefore, a reduction in either value will result in a reduction in stress or will allow the 
use of a smaller or lighter section for the beam. Comparisons are shown as ratios of V, M, 
and y/El to those values for the first design, a supported cantilever. The other designs are 
a fixed-end beam and continuous beams on 3, 4, and 5 supports. 


Prob. Vmax V/V1 Mmax MIMI Ymax yiyi 
9-22. 3500 ib 1.00 9800 Ib in 1.00 -83061/EI 1.00 
9-28 2800 ib 0.80 6533 Ib in 0.667 -40017/El 0.482 
9-30 1750 | 0.50 2450 15 in 0.250 -5191/ፎ| 0.0625 
9-32 1120 b 0.32 871 5 in 0,089 N/A H 
9-34 850 Ib 0.24 525 Ib in 0.054 N/A - 


Note that maximum shearing force, bending moment, and deflection all decrease for 
successive designs. Deflection formulas are not available (N/A) in this book for the last 
two designs. But it stands to reason that deflection would be reduced by adding additional 
supports and reducing the span between adjacent supports. The comparison illustrates the 
advantages of using fixed ends for beams and of using more supports for a given load, thus 
reducing the effective span between adjacent supports. Fabrication problems and costs 
must also be considered when selecting a method of supporting a load on a beam. 


9-48 


This problem has the same objective as 9-47. Refer to that problem for a discussion of 
the objectives and the results. Data listed here are for different beam loadings (w = 50 
Ib/in; total beam length = 16.0 in) but the support conditions are the same as in 9-47. 


Problem Vmax ` MV Mmax M/M1 ymax y/y1 
9-23 500 15 1.00 1600 Ib in 1.00 -17712/ፎ፤ 1.00 
9-29 400 Ib 0.80 1067 Ib in 0.667 -8533/E1 0.482 
9-31 250 ib 0.50 400 Ib in 0.250 -1107/El 0.0625 
9-33 160 Ib 0.32 142 ibin 0.089 N/A - 
9-35 121 ib 0.24 86 Ib in 0.054 N/A - 
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Combined Stresses — Mohr's Circle 


NOTE: The complete solutions for problems 10-56 — 10-105 require the construction of the 
complete Mohr's circle and the drawing of the principal stress element and the maximum shear 
stress element. Listed below are the significant numerical results. Following the list are 
representative examples of the complete solutions. Note that the problems fall into groups of 
similar forms as described below. 

A. Problems 10-56 to 10-59: The x-axis on the Mohr's circle lies in the first quadrant. 


Problems 10-60 to 10-63: The x-axis on the Mohr's circle lies in the second quadrant. 
Problems 10-64 to 10-67: The x-axis on the Mohr's circle lies in the third quadrant. 
Problems 10-68 to 10-71: The x-axis on the Mohr's circle lies in the fourth quadrant. 
Problems 10-72 to 10-79: The x-axis on the Mohr's circle could lie in the any quadrant. 


Problems 10-80 to 10-83: The x-axis on the Mohr's circle lies along the original X-axis 
and the principal stresses are the same as the normal stresses on the given element. 


B. Problems 10-84 to 10-95: The Mohr's circle from the given data results in both principal 
stresses having the same sign. For this class of problems, the supplementary circle is 
drawn using the procedures discussed in Section 10-11 of the text. The results include three 
principal stresses where c, > o; > os. Also, the maximum shear stress is found from the 
radius of the circle containing c4 and os and is equal to 642 or 63/2 whichever has the 
greatest magnitude. Angles of rotation of the resulting elements are not requested. 


C. Problems 10-96 to 10-105: The Mohr's circles from earlier problems are used to find the 
stress condition on the element at some specified angle of rotation. The listed results 
include the two normal stresses and the shear stress on the specified element. 


Combined Uniaxial Normal and Shear Stresses 


Problems 10-106 to 10-109: These use the same data as Problems 10-72 to 10-75 
and each has a given uniaxial normal stress, oy, and a shear stress, v. For this special 
case, Equation 10-2 can be used to compute the maximum shear stress directly. The solution 
method is similar to that used in Problems 10-21 to 10-28. 


166 = Y (042)? + Ty? (Equation 10-2) 


qot 


CHAPTER 10 -- PROBLEMS 10-86 TO 10-83 














Ame. cy “a (deg? TE “ave (59) 
10-56 919.4 MPa -118.4 MPa 10.9 ርህ 219,4 MPa — 100,0 MPa — 34.1 ccu 
10.57 255.2 MPa -35,2 MPa 7.8 cw 155,2 MPa 100.0 MPa 37.5 ccu 
10-58 110.0 MPa -40.0 MPa 26.6 cu — 75.0 MPa 35.0 MPa 18.4 ccu 
10-89 202.1 MPa =42,1 MPa 27,5 cw 122.1 MPa 80.0 MPa 17.5 ccu 
10-00 23.5 ksi -8.5 ksi 19.3 cew 16.0 ksi 7.5 ksi 44.3 ccw 
10-64 42.8 ksi -29.8 ksi 14.9 cew 36.3 ksi 6.3 ksi 59.9 ccu 
10-62 79.7 ksi “9,7'Ksi 31.7 cow 44.7 ksi. 35.0 ksi 76.7 ccu 
10-03 36.6 ksi “54.6 Kei 13.0 cew 45.6 ksi “ፃ,0 ksi 58.0 ccu 
10-64 677.6 kPa -977.6 kPa — 77.5 ccu 827.6 kPa -150.0 kPa 37.5 cw 
10-88 137.8 kPa -587,8 kPa 84.0 ccu 362.8 kPa -225.0 kPa 51.0 ርህ 
10-66 327.0 kPa -1202.0 kPa 60.9 cew 764.5 kPa -437.5 KPa 74.1 ርህ 
40-87 79.9 kPa -354,9 KPa 74.6 ccu 217.4 kPa -137.5 kPa 40.2 ርህ 
10-88 570.0 psi -2070.0 psi 71.3 cw 1320.0 psi -750.0 psi 26.3 ርህ 
10-69 1676.1 psi -6676.1 psi 81.7 cw 4176.1 psi -2500.0 psi — 36.7 cw 
10-70 4180.0 psi -5180.0 psi 71.6 cw 4680.0 psi -500.0 psi 26.6 ርህ 
10-71 8600.7 psi -150.7 psi 89.5 cw 4375.7 psi 4225.0 psi | 44.5 ርህ 
10-72 360.2 MPa — -100.2 MPa 27.8 ccu 230.2 MPa 130.0 MPa 72.8 cew 
10-73 1827.1 kPa -377.1 kPa 24.4 cw 1102.1 KPa 729.0 kPa 20.6 ecw 
10-74 23.9 ksi -1.9 ksi 15.9 ርህ 12.9 ksi 11.0 ksi 29.1 ርህ 
10-75 7971.2 psi -1221.2 psi 21.4 ccu 4996.2 psi 3375.0 psi 66.4 ecw 
10-76 4.4 ksi -32.4 ksi | 20.3 ርህ 18.4 Kei -14.0 ksi 24.7 ccu 
. 1077 927.6 MPa “87.6 HPa 67.8 cu 307.6 MPa 220.0 MPa 22.8 ርህ 
10-78 321.0 MPa -61.0 MPa 66.4 ecw 191.0 MPa 130.0 MPa 66.6 cw 
10-79 344,5 kPa -1904.5 kPa 23.0 ccu 1124.5 kPa -780.0 kPa 68.0 cew 
10-80 225.0 MPa -85.0 MPa — 0.0 155.0 MPa 70.0 MPa 45.0 ccu 
10-81 4250.0 psi — -875.0 psi 0.0 3562.5 psi 2687.5 psi 45.0 ccu 
10-82 775.0 kPa -145.0 kPa 0.0 460.0 kPa 315.0 kPa 45.0 ccu 
10-83 38.6 ksi -13.4 Kei 0.0 26.0 ksi 12.6 ksi 45.0 ccu 


qot 
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CHAPTER 10 — PROBLEMS 10-84 TO 10-95 


Prob. 





10-84 
10-85 
10-86 
10-87 
1 0-88 
10-89 
10-90 
16-91 
10-92 
10-93 
10-94 


10-95 


Nos 


94 


328.1 MPa 


264.0 MPa 
214.8 MPa 
161.1 MPa 
35.0 ksi 
41.8 ksi 
55.6 Ksi 
62.9 ksi 
0.0 kPa 
0.0 kPa 
0.0 psi 
8.0 psi 


92 


136.0 HPa 
75.5 HPa 
68.9 MPa 
10.0 ksi 
21.2 Ksi 
14.4 ksi 
19.1 ksi 

-307.9 kPa 

-37.5 kPa 
-295.7 psi 
-2167.6 psi 


71.9 MPa 


93 





0.0 HPa 
0.0 HPa 
0.0 HPa 
0.0 HPa 
0.0 ksi 
0.0 Ksi 


0.0 ksi 
0.0 ksi 


-867.1 KPa 
=337,5 kPa 
-1804.3 psi 
-6832.4 psi 











164.0 MPa 
132.0 MPa 
107,2 MPa 
80.5 MPa 
17.5 Ksi 
20.9 Ksi 


27.8 ksi 
31.5 Ksi 


433.5 kPa 
168.8 kPa 
902.1 psi 


3416.2 psi 


CHAPTER 10 — PROBLEMS 10-96 TO 10-105 





Prob. “A Sy’ YA 

No. 
10-96 130.7 MPa 69.3 MPa 213.2 MPa ርህ 
10-97 269.3 MPa 769.3 MPa 133.2 MPa ccu 
4098 -37.9 MPa — 197.9 MPa — 31.6 MPa cew 
10-99 19.1 ksi -- -6.1 ksi 34.0 Ksi ccu 
10-100 3.6 ksi -21.6 Kal 43.9 Ksi cw 
101014. -300.0 kPa — -150,0 kPa 355.0 kPa cw 
10402 -2010.3 psi — 510.9 psi 392.6 psi ርህ 
10-103 -?45.89 psi -234.5 psi 4672.5 psi ርህ 
10-104 9363.9 psi 86.9 psi 1421.2 psi cw 
10-105 894.8 kPa 555.2 kPa — 1088.9 KPa ccw 





10-106  tmax = A(oxi2)* + (zv = ¥ (260/2)' + (190)? = 230.2 MPa 


10-107 


tmax = 1102 kPa 





Using a similar technique: 


10-108 


12.9 ksi 


10-109 
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Strain from Gage 1 

Strain from Gage 2 

Strain from Gage 3 
Results: 

Max Principal Strain 1902 x10? m/m 

Min Principal Strain 6 x10* m/m 




















Angle ይ -28.2 degrees 
[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 147 Mpa 
Min Principal Stress 49.1 Mpa 





Max Shear Strain 1897 radians [Dimensionless] 

Max Shear Stress 49.2 MPa [in plane of initial element] 
“Only when Max and Min Principal Stresses have the same sign” 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 73.7 MPa 












Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 
Strain from Gage : i 
Strain from Gage 
Strain from Gage 
Results: 
Max Principal Strain 1494 x10° m/m 
Min Principal Strain -112 x10* m/m 


















Angle Pp -5.4 degrees 
[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 113 Mpa 
Min Principal Stress 29.5 MPa 


Max Shear Strain 1607 radians [Dimensionless] 

Max Shear Stress 41.7 MPa [in plane of initial element] 
““Only when Max and Min principal stresses have the same sign*** 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 56.4 MPa 





dd 





FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Modulus of Elasticity 717410 Pa 
Poisson's Rati 





Rectangular [0, 45, 90 degree] Rosette Data [Uses Equations 10-22 to 10-24] 


Strain from Gage 
Strain from Gage 
Strain from Gage 
Results: 
Max Principal Strain 1104 x10? m/m 
Min Principal Strain — 390 x10? m/m 


Angle ß -36.4 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress — 99.2 Mpa 
Min Principal Stress 60.7 Mpa 


Max Shear Strain — 714 x 10? radians [Dimensionless] 
Max Shear Stress 19.3 MPa [in plane of initial element] 
**Only when Max and Min Principal Stresses have the same sign*** 
[Assuming stress 0 perpendicular to plane of initia] element] 
True Max Shear Stress 49.6 MP 





Strain from Gage 1 š 
Strain from Gage 2 
Strain from Gage 3 
Results: 
Max Principal Strain 892 x10? m/m 
Min Principal Strain ` 375 x10? m/m 


Angle ይ -15.9 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 81.7 Mpa 
Min Principal Stress 53.9 MPa 


Max Shear Strain 516 x 10? radians [Dimensionless] 

Max Shear Stress 13.9 MPa [in plane of initial element] 
““Only when Max and Min principal stresses have the same sign” 
[Assuming stress = 0 perpendicular to plane of initial element] 

True Max Shear Stress 40.8 MPa 


SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES | 










Modulus of Elasticity x 10” Pa 
Poisson's Ratio 













Equations 10-22 to 10-24] 





Strain from Gage 1 : 
Strain from Gage 2 
Strain from Gage 3 
Results: 
Max Principal Strain 816 x10? m/m 
Min Principal Strain -717 x10? m/m 









x10? m/m 















Angle B 31.9 degrees 
[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 137.5 Mpa 

Min Principal Stress -108.6 Mpa 









Max Shear Strain 1534 radians [Dimensionless] 
Max Shear Stress 123.0 MPa [in plane of initial element] 
**Only when Max and Min Principal Stresses have the same sign 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 68.7 MPa 
















Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 
Strain from Gage x10” 
Strain from Gage 
Strain from Gage 
Results: 
Max Principal Strain ` 882 x10? m/m 
Min Principal Strain -324 x10? m/m 












Angle P 39.7 degrees 
[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 178.0 Mpa 

Min Principal Stress -15.5 MPa 








Max Shear Strain 1206 radians [Dimensionless] 

Max Shear Stress 96.8 MPa [in plane of initial element] 
"Only when Max and Min principal stresses have the same sign” 
[Assuming stress = 0 perpendicular to plane of initial element] 

True Max Shear Stress 89.0 MPa 





Strain from Gage 
Strain from Gage 
Resuits: 
Max Principal Strain 2121 x10? m/m 
Min Principal Strain -644 x10? m/m 


Angle ይ -41.1 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 437.1 Mpa 
Min Principal Stress -6.5 Mpa 


Max Shear Strain 2764 radians [Dimensionless] 
Max Shear Stress 221.8 MPa [in plane of initial element] 
““Only when Max and Min Principal Stresses have the same ston" 
[Assuming stress = 0 perpendicular to plane of initial element] 
5 


Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 


Strain from Gage 
Strain from Gage 
Strain from Gage 
Results: 
Max Principal Strain 1220 x10? m/m 
Min Principal Strain -656 x10° m/m 


Angle B -23.4 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 232.7 Mpa 
Min Principal Stress -68.3 MPa 


Max Shear Strain 1876 radians [Dimensionless] 

Max Shear Stress 150.5 MPa [in plane of initial element] 
***Only when Max and Min principal stresses have the same sign” 
[Assuming stress = 0 perpendicular to plane of initial element] 

True Shear Stress 116.4 MPa 





RIO 


SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES | 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 













Strain from Gage 
Strain from Gage 
Strain from Gage 

Results: 

Max Principal Strain 1006 x10? in/in 

Min Principal Strain -294 x10 in/in 



















Angle B 36.6 degrees 
[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 17335 psi 

Min Principal Stress ` 731 psi 





Max Shear Strain 1299 radians [Dimensionless] 

Max Shear Stress 8302 psi [in plane of initial element] 
*^Only when Max and Min Principal Stresses have the same sign" 
[Assuming stress = 0 perpendicular to plane of initial element] 
rue Sh 8667 psi 


, 6 ,120 ee] Rosette Data [Uses Equations 10-25 to 10-27] 
m Problem 10-122 


Strain from Gage 1 x10" in/in 
Strain from Gage 2 x10? in/in 
Strain from Gage 3 x10? in/in 





Results: 
Max Principal Strain ` 616 x10? in/in 
Min Principal Strain -319 x10? in/in 












Angle B -43.8 degrees 
[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress — 9748 psi 

Min Principal Stress -2204 psi 









Max Shear Strain 935 radians [Dimensionless] 
Max Shear Stress 5976 psi [in plane of initial element] 
“Only when Max and Min principal stresses have the same sign*™ 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress — 4874 psi 












SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES | 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Modulus of Elasticity: x 10” psi 
Poisson's Ratio: 


Rectangular [0, 45, 90 degree] Rosette Data [Uses Equations 10-22 to 10-24] 
| 
Strain from Gage 1. 77 ° in/in 
Strain from Gage 2 x10? in/in 
Strain from Gage 3 B x10 in/in 
Results: j | 
Max Principal Strain 793 x10? min 
Min Principal Strain -336 x10? in/in 


Angle B 7.2 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 12548 psi 
Min Principal Stress -1776 psi 


Max Shear Strain 1129 radians [Dimensionless] 
Max Shear Stress 7162 psi [in plane of initial element] 
Only when Max and Min Principal Stresses have the same sign" 
[Assuming stress = 0 perpendicular to plane of initial element] 
hear S 6274 psi 


elta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 
Strain from Gage 1 x10" in/in 
Strain from Gage 2 x10? in/in 
Strain from Gage 3 x10? in/in 
Results: 
Max Principal Strain 813 x10? in/in 
Min Principal Strain -363 x10? in/in 


Angle B 19.2 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 14587 psi 
Min Principal Stress -1607 psi 


Max Shear Strain 1276 radians [Dimensionless] 
Max Shear Stress 8097 psi fin plane of initial element] 
““Only when Max and Min Principal Stresses have the same sign“ 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress — 7294 psi 





SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES . 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 










ons 10-22 to 10-24] 







Strain from Gage 

Strain from Gage 
Results: 

Max Principal Strain 816 x10° in/in 

Min Principal Strain -717 x10? in/in 





10? in/in 



















Angle B 31.9 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 16117 psi 
Min Principal Stress -12863 psi 


Max Shear Strain 1534 radians [Dimensionless] 
Max Shear Stress 14490 psi [in plane of initial element] 
“Only when Max and Min Principal Stresses have the same sign” 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress — 8059 psi 





Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 

Strain from Gage 1. 10" in/in 

Strain from Gage 10? in/in 

Strain from Gage 10° in/in 
Results: 


Max Principal Strain 882 x10° infin 
Min Principal Strain -324 x10° in/in 


























Angle B 39.7 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 20559 psi 
Min Principal Stress -2236 psi 





Max Shear Strain 1206 radians [Dimensionless] 

Max Shear Stress 11397 psi fin plane of initial element] 

““Only when Max and Min Principal Stresses have the same 5798” 
[Assuming stress = 0 perpendicular to plane of initial element] 

True Max Shear Stress 10280 psi 













SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES | 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Modulus of Elasticity x 10” psi 
Poisson's Rati 


Rectangular [0, 45, 90 degree] Rosette Data [Uses Equations 10-22 to 10-24] 
Strain from Gage 1 x10" in/in 
Strain from Gage 2 x10? in/in 
Strain from Gage 3... 883 10" in/in 
Results: 
Max Principal Strain 2688 3:10" in/in 


Min Principal Strain -263 x10? in/in 


Angle ይ -38.7 degrees 
[From the axis of gage 1 to the nearer principal axis] 


Max Principal Stress 83147 psi Very high stress: s, = 135 ksi 
Min Principal Stress 17317 psi N = 1.62 Low E 


Max Shear Strain 2951 x 10° radians [Dimensionless] 
Max Shear Stress 32915 psi [in plane of initial element] 
““Only when Max and Min Principal Stresses have the same sign” 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 41574 psi 


Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 


Strain from Gage 1 
Strain from Gage 2 
Strain from Gage 3 x10? in/in 
Results: 
Max Principal Strain 1761 x10? in/in 
Min Principal Strain -296 x10? in/in 


Angle ይ -19.5 degrees 
[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 53289 psi 
Min Principal Stress 7390 psi 


Max Shear Strain 2058 x 10° radians [Dimensionless] 
Max Shear Stress 22949 psi [in plane of initial element] 
"“Only when Max and Min Principal Stresses have the same sign" 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 26644 psi 
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11-42 The support cables for the sling act at 30? to the horizontal and exert a direct axial 
compressive force on the spreader as shown below. Assume central loading of a straight 
column. The horizontal (axial) component of the cable force is 15 588 Ib. 


A= fy ° Jad LE 
4 y 
Ar ` A. ke Të A= B= UNA 0 "em 
An =#By= 1800008 (CaS 20) =/5 488 LE 





Stones SPREADEN GOOLE 


Design decision: Use a hollow steel tube made from ASTM A501 structural steel. The 
column buckling analysis spreadsheet (Figure 14-9) was used to determine that the 
lightest size with adequate capacity is a 3x3x1/4 hollow steel tube. Other results are 
summarized below. 


L = Le 96 in; r = 1.11 in; SR = 86.5; A = 2.44 in”; Sy = 36 000 psi; ድ= 29x10° 
psi; Ç, = 126; Use N = 2.5 (design decision); Column is short; Use Johnson 
formula; Pe = 67180 15; P, = 26872 Ib. 


11-43 The analysis is similar to Problem 11-42. With the angle of 15°, the axial force 
on the tube is 33 588 Ib. The spreader now must be a HSS 4x4x1/4 steel tube 
with A = 3.37 in^; r= 1.82 in; SR = 63.2; Short column; From the Johnson 
formula, PD. = 106 103 Ib; P, = 42441 Ib. 


Crooked Columns 


For Problems 11-44 to 11-49 loading data were taken from earlier problems as listed in the 
problem statements. The amount of initial crookedness is given. The Crooked Column Analysis 
spreadsheet (Figure 11-15) was used to determine the critical buckling load and the allowable 
load for a design factor of 3.0. The spreadsheet solves Equation 11-19. Results are summarized 
in the table on the following page. 


Eccentrically-Loaded Columns 


For Problems 14-50 to 11-58, data from the problem statements were entered into the Eccentric 
Column Analysis spreadsheet (Figure 11-16). Where the problem asks for the maximum stress 
and deflection, the design factor N = 1.0 was entered at the lower left column. For design 
problems, the requested design factor (typically N = 3.0) was entered. Results are summarized 
in the table on the following page. 


Problem 11-59 


Straight and crooked column analysis required for the 2-in schedule 40 steel pipe, 156 in 
long. The spreadsheets in Figures 11-9 (Straight columns) and 11-15 (crooked columns) 
were used to determine the following results. 


a) Straight pipe: SR = 198; C, = 126; Long column; Per = 7831 Ib; P, = 2610 Ib. 


b) Crooked pipe: a = 1.25 in; C, in Eqn. 11-19 = -21 766; C; = 3.36x1 07; Euler buckling 
load = 7831 Ib; Pa = 1676 Ib. 
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CHAPTER 12 Pressure Vessels 
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. PROBLEMS 12-26 TO 12-35: 


These problems are design problems so there may be more than one possible acceptable result. The 
approach taken in the following spreadsheets is to maintain the inner radius, a, at the stated minimum in 
the problem and then to adjust the outside radius, 5, so that the maximum stress achieves the desired 
design factor. Attention was paid to whether the resulting design produced a thin-walled or thick-walled 
vessel. The spreadsheets are similar to that shown in Figure 12-7 in the text, augmented to enable the 
- computation of the design stress and the volume of material in the cylinder or sphere. Both cylinders and 
spheres can be analyzed with the spreadsheet and the unused part of the sheet has been crossed out, 
leaving only the desired data. 


Problems 12-26 through 12-30 call for a design stress of s,/8 as the primary parameter. 
Secondarily, they call for computing the design factor based on yield strength if the maximum pressure 
was double the original design pressure. This approach reflects that the design pressure may be 
experienced many thousands of times in the life of the vessel and that fatigue of the material may be a 
failure mode. The higher pressure is considered a burst pressure test pressure that will be experienced 
only once or a few times in the life of the vessel. 


asb 


PROBLEMS 12-26 TO 12-28 and 12-30: 


These problems have the same design objectives with regard to the operating pressure and the length and 
inside diameter of a cylindrical pressure vessel. The material for the vessel is different for each problem. 
Following the given solution for Problem 12-30, a summary of the results for all four problems is given, 
comparing the wall thickness, volume of material in the cylinder, and the weight or of the cylindrical 
portion, not counting any end pieces or closures. This should give the student and the reader a feel for 
how material selection affects the final product design. 


STRESSES IN THICK-WALLED CYLINDERS AND SPHERES 


Data Required: Problem Number: 12-26 




















22 0 Pressure =p = 450 psi Wallthickness=t= 0.25 in 
. dnside radius =a = R; 7 3.000 in Mean diameter D, = 6.25 in 
Outside radius b =R, = 3250 in Ratio: D m% = 











ES ‘Max Tangential Stress = |. 5634 psi Volume of cylinder = 
Max Longitudinal Stress - — 2592 psi Weight of cylinder 
Max RadialStress - -450 psi [Alum: 0.10 Ib/in”] 
































Su/8-|  5625]psi Actual N forsu- 8.0 
Yield strength - 40000 psi 
5ሃ/4 = 10000 psi Actual Nforsy= 7.11 









MON = 200 pele 

__STRESSES IN THICK-WALLED CYLINDERS AND SPHERES | 

= Data Required: | Problem Number: 12-27 - 

: Pressure = p = 450 psi Wall thickness = f= 0.065 in 
“Inside radius = a= R; = 3,000 in Mean diameter = D, = 6.065 in 

| Outside radius = bsR, 3.065 in Ratio: D4/t = 93.3 

f Ratio < 20, Vessel is thick | 


710497-psi-7 















ዘ 

























Analysis of a Cylinder ` | Thin-wall cylinder 


“Max Tangential Stress = 20997 psi > Volumeofcylinderz 1858! | on 


Max Longitudinal Stress= 10273 psi Weight of cylinder= 2.972 Ib 
Max Radial Stress = | -450 psi Is 0.16 bn] — — 
— Ultimate strength = 170000 psi [Thin-walled | 




























5ህ/8 = [21250 Actual N for su= 810 
Yield strength = 155000 psi 
Sy/4= 38750 psi Actual N for sy= 7.38 






BA A eA: LN 





225 







፦ IN THICK-WALLED CYLINDERS AND SPHERES ] 















~ Data Required: Problem Number: 12-26 = - 
e —Pressure=p= 48088 | Wall thickness = f = 0.052 in 
“Inside — q =. 3600 in Mean diameter=D,, = 6.052 in 









Outside radius =b =R, = 3.052 in Ratio: Dm= 4164] 


— If Ratio < 20, Vessel is thc | 
















Analysis of a Cylinder I — a oun 
Max Tangential Stress= 26188 psi Volume of cylinder= 14.83 in . 26187 psi 
Max Longitudinal Stress = 12669 psi Weight of cylinder 4.167 ib | 13093 psi ——— 


.. Max Radial Stress = 





-450 psi [St St: 0.281 Ib/in’] 





















- Ultimate strength = 210000 psi - [thin-walled 
Su/8 =| 26250]psi Actual Nforsu= 8.02 


Yield strengih = 185000 psi 
Sy/4= 46250 psi Actual N for sy= 7.06 
I N for pe = 900 psi = - 3532 | 






STRESSES IN THICK-WALLED CYLINDERS AND SPHERES 
Data Required: f — Problem Number: 12-30 | 
U — Pressure=p= ` Ap0 pl ` wali thickness=f= 0.039 in 

_ Inside radius sa =R;= .3000in ] Mean diameter — D, = 6.039 in 


„Jf Ratio < 20, is thick 















u 










Max Tangential Stress = 34753 psi Volume of cylinder= 11.13 in 
Max Longitudinal Stress= 17152 psi Weight of cylinder= 0.634 Ib 


_ Max Radial Stress= | -450 psi ^ [Composite: 0.057 Ib/in°] 


.. Graphite/Epoxy composite ` Í K Thin wall cylinder] 





















Ultimate strength = ecur | 
Su/8 = [ 34786]psi Actual Nforsu= 8.00 7 
Yield strength = 185000 psi 
Sy/4= 46250 psi Actual N forsu= 8.00 









_N for p = 900 psi = 






.36 
2.972 Ib 
4.167 Ib 

0.634 Ib 


12-27 |Titanium Ti-6Al-4V 
12-28 |Stainless steel 17-4PH H900 
12-30 |Graphite/epoxy composite ` 







| 0:039 in 


PROBLEMS 12-31 TO 12-33: | 
These problems have the same design objectives with regard to the operating pressure, design factor, and 
inside diameter of a spherical pressure vessel. The material for the vessel is different for each problem. 
Following the given solution for Problem 12-33, a summary of the results for all three problems is given, 
comparing the wall thickness, volume of material in the sphere, and the weight or of the sphere. This 
should give the student and the reader a feel for how material selection affects the final product design. 
— STRESSES IN THICK-WALLED CYLINDERS AND SPHERES — 
Data Required: | Problem Number: 12-31. 
. . Pressure=p 3000 psi Wall thickness = t = 0.475 in 
Inside radius =a =R;= 9.000 in Mean diameter=D,, = 18.48 in 
Outside radius =b=R, = 9.4750 in Ratio: Dm= 389 

































Max Tangential Stress= 28472 psi Volume of sphere = 
Mar Radial Stress = 3000 psi I Weightofsphere- 






14265 
















Su/6 * ር es 
Yield strength = 135000 psi 


Syl4= 33750 psi Actual Nforsy= 4.63 


OU OU 















STRESSES IN THICK-WALLED CYLINDERS AND SPHERES _ 
Data Required: — — Problem Number: 12-32 : | 
 ..  Presswe=p= 3000 psi Wall thickness =f = 0.984 in 
— Inside radius =a=R;= 9000 in Mean diameter = D, = 18.98 in 
Outside radius =b =R, = 9.9840 in Ratio: Dm=  493[Thick 
If Ratio < 20, Vessel is thick” 
_ LT in-wali sphere 

1115 in 14470 psi 
111.5 lb 



























Max Tangential Stress = 1 3823 psi “Volume of = 
Max Radial Stress = — -3000 psi ` Weight of sphere = 

















Thick-walled 


- Ultimate strength= 83000 psi. ጅኹ 0 







5ህ/6 = [13833] psi Actual N forsu= 6.00 
Yield strength = 73000 psi 
Sy/4= 18250 psi Actual Nforsy= 5.28 






LN forp = 6000 psi= 2641 _ 






















“Problem Number: 12-33 ] 
Wallthickness = ፤/ - 0. 49 in 
Mean diameter=D,, = 18.49 in 


Ratio: D m4 = 


Data Required: 
: “Pressure = po = . 3000 psi 
Inside radius = azR; 9.000 in 


Outside radius = b=R, = 9.4900 in 










Analysis of a Sphere 
Max Tangential Stress =[ 27604]psi Volume of sphere = 526.4 in 
Max Radial Stress = —-3000 psi Weightofsphere= 84.23 lb 
| —— | Titanium density = 0.160 bin 
















x [thin-walled — 


Actual Nforsu= 6.01 










Yield —— = 155000 d 
Sy/4= 38750 psi Actual N for sy= 5.48 





“12-31 [AISI 501 OQT 1000 St. Steel | 0.475 in | 14265. 
12-32 |Aluminum 7075-T6 0.984 in | 11155. 





ASI 

















Wall thickness = ያ = 25.9 mm 


Mean diameter = D,, = 475.9 mm 
Ratio: D m% = 18.4 













i Pressure = p = 4200 kPa 
Inside radius = a = R; = 225 mm 


Outside radius =b = R, = 250.9 mm 













A 





luminum density = ` 










__ Analysis of a Cylinder SE 
Max Tangential Stress - — 38.70 MPa Volume of cylinder = 0.023234 m 
'Max Longitudinal Stress = 17.25 MPa Weight of cylinder = 64.36 kg 
Max Radial Stress= -4.20 MPa Aluminum density = 2770 kg/m" 
Su8-| 3 ActualNforsu= 801 
Yield strength - — 276 MPa 
Sy/4 = 69.00 MPa Actual N for sy = : 
Nforp =8400MPa= ` 3 













































STRESSES IN THICK-WALLED CYLINDERS AND SPHERES 
. Data Required: — — | Problem Number: 12-35 — 
Pressure = p = 300 Dei ` Wail thickness =£ = 0.301 in 
Inside radius = a= bh, = 42:000 in Mean diameter = Dm = 24.3 in 


Outside radius =b =R, = 12.301 in Ratio: D4/t =  80.7| Thin 
! MM Ratio < 20, Vessel] thick n 


. [08 1040CD 56. L — 
















LFhin wall sphere" 









! iem Steel density 
Analysis ofa Cylinder ' Lengthofcylinderz “30 
Max Tangential Stress - 12112 psi Volume of cylinder = 689.4 in 
Max Longitudinal Stress = 5906 psi Weight of cylinder = 195.1 Ib 
Max Radial Stress=  -300 psi Steel density = 0.283 bim" 
Ultimate strength = .. 97000 psi 
| 5ሀ/8 = [ T2125]psi Actual N for su= 8.01 
Yield strength = 82000 psi 
Sy/4= 20500 psi Actual N for sy = 6.77 
N for p = 600 psi = 3.386 















12110 psi - 


































` Thin-wall cylinder i 


38.59 MPa 
19.29 MPa 
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